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General In trod u ction
"Analyse w ith  p r e c i s io n  the p r o p e r t ie s  
o f  l i v i n g  b od ies;  show th a t  a l l  
p h y s io lo g ic a l  phenomena in  the l a s t  
a n a ly s i s  r e l a t e  to  th e se  p r o p e r t ie s  
con sid ered  in  t h e i r  n a tu r a l  s t a t e ,  
th a t  every p a th o lo g ic  phenomenon i s  
d erived  from t h e ir  augmentation, from 
t h e ir  d im inution or t h e i r  a l t e r a t io n ,  
th a t  a l l  th e r a p e u tic  phenomena have fo r  
t h e ir  p r in c ip le  the r e s to r a t io n  o f  the  
n a tu ra l type from which i t  has been 
changed . „ . . .  "
X. Bichat (1801)
S in ce  the en u n cia tion  o f  th e  c e l l  d o c tr in e  a l i t t l e  over a 
century ago, i t  has become in c r e a s in g ly  apparent th a t  the key to  
a l l  b i o lo g i c a l  phenomena must u l t im a te ly  r e s id e  w ith in  the s tru c ­
ture o f  the l i v i n g  c e l l .  The v ar iou s  p h y s io lo g ic a l  p r o cesses  o f  
the body, in  both h e a lth  and d is e a s e ,  may be exp la in ed  in  the  
f i n a l  a n a ly s is  by v a r ia t io n s  in  c e l l u l a r  a c t i v i t y  and metabolism. 
C e llu la r  s tr u c tu r e  and fu n c tio n  are in terdependent; changes or  
a l t e r a t io n s  in  the chem istry  and metabolism o f  the c e l l  must n eces ­
s a r i ly  be r e f l e c t e d  in  i t s  morphology and a c t i v i t i e s .  The p o t e n t i ­
a l i t i e s  o f  the c e l l  fo r  growth, development and m odulation, as w e l l  
as o th er  responses  to  environm ental changes, are dependent p r im ar ily  
upon the g e n e t ic  c o n s t i t u t io n  o f  the c e l l .  A dynamic s t a t e  o f
equ ilibrium  e x i s t s  between the l i v i n g  c e l l  and i t s  environment in  
which c e l l u l a r  metabolism and p o t e n t i a l i t i e s  are governed by a mul­
t i tu d e  o f  e x t r in s i c  fa c to r s  occurring  in  the i n t e r c e l l u l a r  m il ie u .
The response o f  a g iven c e l l  to a stim ulus depends upon the type o f  
s tim u lu s , i t s  duration o f  a c t io n  and the e f f e c t  o f  e a r l i e r  s t im u l i .  
Thus a given c e l l  may respond to  a p a r t ic u la r  stim ulus only  a t  one 
stage  during i t s  cytomorphosis. S l ig h t  v a r ia t io n s  in  any one or  more 
o f  th ese  f a c to r s  and the g e n e t ic  c o n s t i t u t io n  o f  the c e l l  may r e s u l t  
in  profound a l t e r a t io n s  in  i t s  morphology, in t e g r i t y  and fu n c t io n .
Thus each c e l l  form may e x h ib i t  morphologic and p h y s io lo g ic  changes  
p e c u lia r  unto i t s e l f  during the process  o f  acc lim ation  and adaptation  
to i t s  environment. A c e l l  must e i th e r  adapt to i t s  environment or  
p e r ish .  Therefore, v a r ia t io n s  in  th ese  fa c to r s  w i l l  cause an aug­
m entation, dim inution or a l t e r a t io n  in  the s tr u c tu r a l  and fu n ction  
u n it s  o f  the l i v i n g  body, the c e l l .
The ra m if ica t io n s  o f  the p r in c ip le s  e s ta b l ish e d  by Bichat and 
the b asic  concepts  o f  the c e l l  and i t s  r e la t io n s h ip  to i t s  environ­
ment may be app lied  p a r t ic u la r ly  w e l l  to  the c e l l s  o f  the blood and 
hem opoietic system. Uniquely in  the l i v i n g  body, th ese  c e l l s  are 
u su a lly  the f i r s t  a f fe c te d  by changes in  the in te r n a l  m il ie u  as a 
r e s u l t  o f  t h e ir  anatomical lo c a t io n  and great s e n s i t i v i t y  to even the  
sm a llest  environmental v a r ia t io n s .  S ince th ese  c e l l s  are rather short  
l i v e d ,  they are c o n t in u a l ly  undergoing exten iv e  p r o l i f e r a t io n  and 
d e s tr u c t io n ;  hence c e l l u l a r  growth, d i f f e r e n t i a t i o n  and development 
may be viewed in  grea ter  d e t a i l  here than perhaps any o th er  p la ce  in  
the l i v in g  body.
Problems concerning the o r ig in ,  d i f f e r e n t ia t io n  and metabolism  
o f  the c e l l s  o f  the hem opoietic system have long confronted both the 
anatom ist and h em a to lo g is t .  Observations o f  the normal c e l l s  o f  
t h i s  system have been e f f e c t i v e l y  supplemented and augmented by a 
study o f  the various d is e a s e s  o f  the blood-forming organs. E a r l ie r  
in v e s t ig a t io n s  were concerned e s s e n t i a l l y  in  the d e t a i le d  d e sc r ip t io n  
o f  these  c e l l s .  During the p a st  quarter o f  a century the f i e l d  o f  
hematology has been g r e a t ly  extended by b iochem ical, immunologic and 
th erap eu tic  in v e s t ig a t io n s .  Today, u n fo r tu n a te ly ,  morphology is  
emphasized prim arily  as an a id  in d ia g n o s is ,  in  proper th erap eu tic  
management and in  the ev a lu a tio n  o f  new modes o f  therapy rather than 
in  the study o f  the c e l l  in  r e la t io n  to  i t s  in t r i n s i c  metabolism and 
a c t i v i t i e s .
The f i e l d  o f  morphologic hematology, as w e l l  as b io logy  in 
g e n e r a l ,  has been r e v i t a l i z e d  by the recen t advent o f  the phase con­
t r a s t  microscope and thi* development and a p p lic a t io n  o f  cytochem istry  
to  the study o f  the c e l lo  These new techniques have provided impor­
ta n t  new t o o ls  in  c e l l u l a r  research in  both the normal and p ath o log ic  
c o n d it io n .  The phase c o n tr a st  microscope permits the study o f  the f in e  
s tr u c tu r e  o f  the c e l l  in  the l i v in g  co n d it io n  w ithout the production  
o f  a r t i f a c t s  inherent in the usual f ix a t io n  and s ta in in g  procedures. 
Such s tu d ie s  o f  the morphology o f  the c e l l  must serve as the founda­
t io n  upon which cytochem istry  must s t r i v e  fo r  the l o c a l i z a t io n  o f  
chem ical e n t i t i e s  w ith in  the c e l l .  The id e n t i f i c a t i o n  and l o c a l i z a ­
t io n  o f  chemical substances in  the c e l l  provide ever in crea s in g  know­
led ge  in to  i t s  s tr u c tu r e ,  com position and metabolism.
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The s e r ie s  o f  in v e s t ig a t io n s  to be presented  here have been 
undertaken during the p a s t  s e v e r a l  years and are d ir e c te d  toward a 
b e t te r  understanding o f  the s tr u c tu r e ,  com position , p o t e n t i a l i t i e s  
and metabolism o f  the c e l l s  o f  the hem opoietic system in  both the  
normal and p a th o lo g ic  condition* C r i t i c a l  morphologic ob serv a tio n s  
have been combined w ith  rather e x te n s iv e  cytochem ical s tu d ie s  in  an 
attempt to gain fu rth er  in s ig h t  in to  th ese  problems. S in ce  r e la t iv e ly  
few in v e s t ig a t io n s  o f  t h i s  type have been attempted upon a c e l l u l a r  
l e v e l  and p a r t ic u la r ly  upon the c e l l s  o f  the hem opoietic system i t  
was thought that t h i s  approach might be o f  paramount importance in  
the study o f  th ese  c e l l s  and the mechanism o f  the d is e a s e  p ro cesses  
in v o lv in g  th ese  c e l l  forms* Because o f  the large  scope o f  t h i s  prob­
lem and the v a r ie ty  o f  c y to lo g ic  and cytochem ical te c h n ic s  employed 
each phase o f  t h i s  study w i l l  be presented  and d iscu ssed  as in d iv id u a l  
u n its  and in r e la t io n  to  the general problem o f  the c e l l  in  h ea lth  and 
d is e a s e .
The importance, r a m if ica t io n  and r e la t io n s h ip  o f  cytochem istry  
and morphology to the study o f  the p h y sio lo g y , metabolism and poten­
t i a l i t i e s  o f  normal and d isea sed  c e l l s  may be r e a d ily  r e a l iz e d  in  
sev era l  o f  the fundamental concepts and assumptions which formed the  
bases o f  th ese  s tu d ie s ,
1. S tructure  and fu n ction  are interdependent; changes 
or a l t e r a t io n  in  the chem istry and metabolism o f  
the c e l l  must n e c e s s a r i ly  be r e f l e c t e d  in  i t s  
morphology and a c t i v i t i e s .
2 .  Both morph0 i 0g i c an(j cytochem ical d i f f e r e n c e s  e x i s t  
between various c e l l  forms in  both the normal and 
d ise a se d  c o n d it io n s .
3. Cytochemical changes must occur w ith in  the  
c e l l  p r io r  to d is c e r n ib le  morphologic 
changes induced by changes in  the in te r n a l  
m ilieu  or g en et ic  c o n s t i tu t io n  o f  the c e l l .
4 .  The stru ctu re  and composition o f  the c e l l  and 
in s ig h t  in to  i t s  metabolism may best be 
a tta in e d  by a most thorough morphologic and 
cytochem ical study o f  the c e l l  in  both 
h ea lth  and d is e a s e .
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CYTOCHEMISTRY AND MORPHOLOGY OF NEOPLASTIC AND 
NON-NEOPLASTIC HUMAN LYMPH NODE CELLS
The cytocyemistry o f  normal and pathologic lymph nodes has not 
been explored ex ten siv e ly .  In the lymph node o f  the rat a mucopoly­
saccharide (periodic a c id -S ch if f)  has been described in the r e t ic u la r  
f ib e r s  (1 ) ,  connective t i s s u e  (2 ) ,  some reticulum c e l l s ,  and c e l l s  o f  
lymphatic sinuses (1); and an acid polysaccharide i s  described in the 
in te r c e l lu la r  substance (2 ) .  Lymphocytes in lymph nodes o f  the rat  
contain l i t t l e  or no demonstrable mucopolysaccharide (L, 2 ) .  Gomori 
(3, 4) was unable to d etect  acid phosphatase or l ip a se  a c t iv i t y  in 
human lymph nodes. Nachlas and Seligman (5) f a i le d  to demonstrate 
esterase  in lymph nodes o f  man and o f  the dog, rabbit, rat, and guinea 
p ig . Gomori (6) noted a lk a lin e  phosphatase a c t iv i t y  in the peripheral 
zone o f lymph nodules of certa in  sp e c ie s .  This in v e s t ig a to r  found 
acid phosphatase and a lk a lin e  phosphatase in the spleen o f  the dog (7) 
and demonstrated various types o f  phosphatase in lymphatic nodules (8 ).  
Reticulum c e l l s  o f  the vermiform appendix o f  the rabbit show both acid  
and a lk a lin e  phosphatase a c t i v i t y ,  and phagocytic c e l l s  possess  a 
high acid phosphatase a c t iv i ty  (9 ),  Endothelial c e l l s  l in in g  the 
lymphatic s inuses o f  human lymph nodes ex h ib it  no a lk a lin e  phosphatase 
although those o f  the blood v e s se ls  show a high a lk a lin e  phosphatase 
a c t iv i t y  (10). Some normal lymphocytes contain a lk a lin e  phosphatase 
(10. 1 1 ); a lk a lin e  phosphatase was demonstrable in lymphocytes from 
one o f  th ir teen  patients  with chronic lymphatic leukemia (11) while  
those o f  acute lymphoid leukemia contained none (10).
The present paper rep resen ts  a cytochem ical study and a q u a l i ­
t a t i v e  eva lu a tion  o f  the r e l a t i v e  con cen tra tion  o f  r ib on u c leo p ro te in ,  
d esoxyr ib on u cleop rote in , mucopolysaccharide, hyaluronic  a c id ,  g ly co ­
gen, l i p i d ,  l ip a s e ,  and ac id  and a lk a l in e  phosphatase in  the c e l l s  o f  
human lymph nodes.
M ateria ls  and Methods 
Biopsy specimens o f  102 human lymph nodes were stu d ied  by c y to ­
chem ical t e c h n ic s .  For the purpose o f  d e s c r ip t io n ,  the c e l l s  o f  the  
human lymph nodes w i l l  be placed in  th ree  genera l c a te g o r ie s :  (1)
apparently  normal c e l l s  o f  n o n -n eo p la s t ic  lymph nodes; (2) m odified  
c e l l s  o f  lymph nodes with lymphoblastoma involvement; and (3) modi­
f i e d  c e l l s  o f  a group o f  m isce llan eou s  lymph nodes. Table I sum­
m arizes the numerical d i s t r ib u t io n  o f  the n e o p la s t ic  and non-neo-  
p l a s t i c  human lymph nodes examined cy to ch em ica lly .
R epresentative  p ortion s  o f  each lymph node were r o u t in e ly  f ix e d  
in  Baker*s form ol-calcium , formol-Zenker, co ld  acetone and Rossman's 
f l u i d .  T issues  f ix e d  in  form ol-calcium  were embedded in Carbowax 
1540; the o th er  t i s s u e s  were embedded in  p a r a f f in .
CYTOCHEMICAL TECHNICS 
L ip id : A 70% a lc o h o l ic  so lu t io n  o f  Sudan black B ( th ir t y
minutes) was employed fo r  the demonstration o f  l i p i d  (1 2 ) .  Neutral
f a t  was demonstrated w ith  a saturated  aqueous s o lu t io n  o f  N i le  blue
s u l f a t e  according to  the method o u t l in e d  by Cowdry (1 3 ) .  Formol-
calcium  f ix e d  s e c t io n s  were used in  both t e c h n ic s .
N ucleoprotein: The n u c le a l  re a c t io n  (13) was used fo r  the
demonstration o f  d esoxyr ib on u cleop rote in . The m a ter ia l  th a t gave a
EXP. 1  A
TABLE 1 -  N eoplastic  and non-neoplastic  human lymph nodes
examined cytochem ically
Diagnosis Number o f  Cases
Non-neoplastic
Lymphadenitis (chronic and subacute) 18
Reticulum C ell Hyperplasia^ 11
Lymphoid Hyperplasia 3
Lymphoid Hypoplasia 2
F o l l ic u la r  Hyperplasia 2
Lymphoblastoma
Hodgkin*s D isease 24
Reticulum C ell Sarcoma 5
Lymphosarcoma 7
Lymphatic Leukemia 9
Acute Monocytic Leukemia 1
Giant F o l l ic u la r  Lymphoblastoma 4
M iscellaneous
BoeckTs Sarcoid 4








Including one node obtained from a p a t ien t  with con gen ita l
hemolytic ic te r u s  and one with thrombocytopenic purpura.
b asop h ilic  reaction  fo llow ing  exposure to  a d i lu te  so lu t ion  o f  
to lu id in e  blue (0.2%), and which could be d igested  out by prior  
incubation in  ribonuclease (0.2% for  e ig h t  hours at 37° C .) ,  was 
regarded as ribonucleoprotein . Tissues f ix e d  in formol-Zenker have 
been used s a t i s f a c t o r i l y  in  our laboratory for  nucleoprotein stu d ies  
in sp ite  o f  the u n s u i ta b i l i ty  o f  dichroraate f ix a t iv e s  reported by 
Stowe11 (14).
Enzymes; The acid and a lk a lin e  phosphatase reaction s  were 
carried  out according to the procedure o f  Gomori (15). Ascorbic 
acid  was added to the acid phosphatase substrate in order to augment 
the reaction  (16). The l ip a se  reaction  (17) was employed in e a r l i e r  
experiments using Ttoeen 40, 60 and Product 81, Lipase a c t iv i t y  could  
not be demonstrated in lymph node sec tio n s  examined during th is  
in v e s t ig a t io n .  Acetone f ix e d  se c t io n s  were incubated in  the appro­
p r ia te  enzyme substrate fo r  eighteen  hours.
Mucopolysaccharides. Glycogen, Sphinqolipids (?) and 
Unsaturated Lipids (?) : The p er iod ic  a c id -S c h if f  (PAS) reaction  was
used fo r  the demonstration o f  substances contain ing a 1, 2 g ly co l  
linkage and may th erefore  be used to d e te c t  mucopolysaccharides (18).  
s a l iv a - la b i l e  glycogen (18). and perhaps sph ingolip ids  (19) and 
unsaturated l ip id s  (20). PAS-positive s a l iv a - r e s is t a n t  m aterial w i l l  
be referred  to in t h is  te x t  as PAS-positive m aterial and u su a lly  w i l l  
be considered as a mucopolysaccharide. Hyaluronidase was employed 
p rior  to the PAS and to lu id in e  blue reaction s  in order to demonstrate 
the p o ss ib le  presence o f  hyaluronic acid; however, no d ifferen ce  could  
be d etected  in any o f  the c e l lu la r  elements studied fo llow ing  th is  
tech n ic .  9 #
The cy toch em ica l r e a c t io n s  th a t  form the b a s is  o f  t h i s  study  
have been eva lu ated  on a numerical b a s i s ,  the i n t e n s i t y  o f  the  reac­
t io n  ( to lu id in e  b lue and p h osp h atase) , and th e  amount o f  gran u la tion  
(PAS and Sudan black  t e c h n ic s ) ,  ranging from 0 to  5 ( t e x t - f i g .  1 ) .
OBSERVATIONS 
C e l ls  o f  N on -n eop last ic  Human lymph Nodes
1) Reticulum c e l l s ;  Reticulum c e l l s  o f  the normal lymph nodes may 
be p laced  in  th ree  gen era l c a t e g o r ie s :  (a) e lon gated  c e l l s  compris­
in g  the stroma; (b) e lon gated  c e l l s  forming the s in u ses  ("sinus  
e n d o th e l ia l  c e l l s " ) ;  and ( c )  round c e l l s ,  observed in  la r g e s t  
numbers in  the secondary lymphatic n od u les8
a) Elongated reticu lum  c e l l s  o f  the  stroma: These are d escr ib ed  
in  t e x t - f i g u r e  1, The sp in d le-sh ap ed  reticu lum  c e l l s  com prising the  
stroma o f  the lymph node e x h ib i t  long d e l i c a t e  cy top lasm ic  p r o c e s se s ,  
v e s ic u la r  c e n t r a l ly - lo c a t e d  n u c le i  and one or two small n u c l e o l i .  The 
cytop lasm ic  r ib o n u c leo p ro te in  i s  co lo red  l i g h t  b lue or lavender ( / )  
w ith  t o lu id in e  b lu e . Small p e r io d ic  a c id - S c h i f f  (P A S )-p o s it iv e  and 
sud an op h ilic  granu les  are lo c a te d  in  the cytoplasm o f  th e se  c e l l s .  
A lk a lin e  phosphatase a c t i v i t y  i s  demonstrable in  the  cytoplasm  ( / ) ,  
nucleus (AV) and n u c le o l i  ( / / /  -  / / / / )  ( f ig *  1)* Acid phosphatase  
a c t i v i t y  i s  g r e a te r  in  the nucleus ( / / )  than in  the cytoplasm  ( / )  and 
the n u c le o la r  ac id  phosphatase co n ten t  i s  u su a l ly  g r e a te r  ( / / / )  than 
the ac id  phosphatase co n ten t  o f  the nucleus ( f i g .  2 ) .
b) Elongated reticu lum  c e l l s  o f  the s in u s e s : (See t e x t - f i g s .  1,
2 and 3) Reticulum c e l l s  l in in g  and extend ing  across the lymphatic  
s in u se s  have been d iv id ed  in to  two c a t e g o r ie s  to  f a c i l i t a t e  t h e ir
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cytochem ical d e sc r ip t io n :
Elongated reticulum  c e l l s  (type "a") e x h ib it in g  cytochemi­
c a l  and morphologic c h a r a c t e r i s t ic s  id e n t ic a l  w ith those o f  the 
reticulum  c e l l s  comprising the lymph node stroma.
Elongated reticulum  c e l l s  (type "b") which occur in a sso ­
c ia t io n  with c lasm atocytes  and r e t i c u la r  clasm atocytes  (to be 
described  la te r )  in  the d i la te d  lymphatic s in u ses  and which are 
character ized  by con ta in in g  a large  number o f  PA S-positive and 
glycogen granules. Sudanophilic granules are u su a lly  more 
numerous in  the cytoplasm o f  the type "b" sinus reticulum  c e l l  
than in  the e longated  reticulum  c e l l s  o f  the stroma and sinuses  
(type "a/') although the ribonucleoprotein  and phosphatase con­
ten t  are s im ila r  in  th ese  c e l l  forms. M orphologically, the  
type "b." sinus reticulum  c e l l  has a coarser  cytoplasm with  
w e ll -d e f in e d  c e l l  borders and a l e s s  v e s ic u la r  nucleus than 
the type "a_" s inus reticulum  c e l l .
c )  Round reticulum  c e l l s : (See t e x t - f i g s .  1 and 3) These c e l l s  
have large  round n u c le i  with sparse chromatin, severa l medium-sized 
irreg u la r ly -sh a p ed  n u c le o l i  and a d i s t i n c t  nuclear membrane. The 
round reticulum  c e l l  has a moderate amount o f  " flu ffy "  cytoplasm and 
i s  co lored  lavender ( /  -  fo llo w in g  to lu id in e  blue s ta in in g .
Small PA S-positive and sudanophilic granules are lo c a l iz e d  about 
the cytocentrum; the l a t t e r  may be sca ttered  throughout the cy to ­
plasm, Both acid  and a lk a l in e  phosphatases are found in  the cy to ­
plasm, nucleus and n u c le o l i  o f  these  c e l l s .  The a lk a l in e  phospha­
ta se  a c t i v i t y  in  the cytoplasm i s  / ,  the n u c le i  / / / ,  and n u c le o l i
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/ / / £ /  ( f i g ,  3 ) ,  The acid  phosphatase a c t i v i t y  in the cytoplasm i s  
the nucleus / / ,  and the n u c le o l i  / / -  -  / / /  ( f i g .  4 ) .
2) E nd oth elia l c e l l s : (See t e x t - f i g .  1) The e n d o th e lia l  c e l l s  l in in g  
the c a p i l l a r i e s  and small venules o f  the lymph node vary g r ea t ly  in  
s iz e  and shape and o c c a s io n a lly  may be cuboidal rather than f la t t e n e d .  
Their n u c le i  are more v e s ic u la r  than the n u c le i  o f  the reticulum  c e l l s  
comprising the stroma. The cytochem ical rea c t io n s  employed y ie ld  
s im ila r  rea ct io n s  in  both the small and enlarged forms. The r ib o -  
nucleoprote in  content o f  the cytoplasm and phosphatase a c t i v i t y  o f  
the cytoplasm, nucleus and n u c le o l i  are s l i g h t l y  grea ter  in  the 
e n d o th e lia l  c e l l  than in  the elongated reticulum  c e l l .  The cytochem­
i s t r y  o f  the en d o th e lia l  c e l l  o f  the blood v e s s e l s  and the elongated  
reticulum  c e l l  are i l lu s t r a t e d  in  t e x t - f ig u r e  1,
3) Lymphatic c e l l s : The lymphatic c e l l  s e r ie s  has been d iv ided  in to
four groups to f a c i l i t a t e  cytochem ical and morphologic d e sc r ip t io n :  
lymphoblasts, considered  to represent a lymphocyte progen itor; la rg e ,  
in term ediate and small lymphocytes.
a) Lymphoblasts: (See t e x t - f i g ,  1) Lymphoblasts u su a lly  are
la r g e ,  round c e l l s  g en era lly  loca ted  in the secondary lymphatic 
nodules and o c c a s io n a l ly  in o ther p ortion s  o f  the node. They may 
be d i f f e r e n t ia t e d  from the round reticulum  c e l l  by th e ir  somewhat 
sm aller s i z e ,  denser chromatin, sm aller number o f  n u c le o l i  and grea ter  
content o f  cytoplasm ic r ib on u cleop rote in . The acid  and a lk a l in e
phosphatase a c t i v i t y  o f  the cytoplasm i s  s l i g h t l y  grea ter  than that o f  
the round reticulum  c e l l .  PA S-positive and sudanophilic  granules may 
be more numerous in  the lymphoblast than in  the round reticulum  c e l l .
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The cytochem ical d i f f e r e n c e s  in  th ese  two c e l l  forms are i l lu s t r a t e d  
in  t e x t - f ig u r e  1.
b) Small, in term ediate  and large  lymphocytes: (See t e x t - f ig s «
1 and 4) The small lymphocyte i s  a round c e l l  w ith a dense irr e g u la r  
chromatin network and a small rim o f  cytoplasm surrounding the  
n u cleu s. The r ibonucleoprote in  o f  the cytoplasm o f  the small 
lymphocyte i s  co lored  blue or lavender ( / )  with to lu id in e  blue.  
Lymphocytes w ith lavender or medium blue cytoplasm are considered  
to represent forms younger than those  with l i g h t  blue cytoplasm, A 
small number o f  PA S-positive and sudanophilic granules are concen­
tra ted  in  the nuclear hof, A few glycogen granules can be demon­
stra ted  in  a small proportion o f  the lymphocytes. As w i l l  be 
pointed out l a t e r ,  the presence and amount o f  glycogen and muco­
polysaccharide w ith in  the lymphocyte aid  in the id e n t i f i c a t io n  o f  
abnormal forms. The cytoplasm o f  the small lymphocyte p o ssesses  a 
weak a lk a l in e  and acid  phosphatase a c t i v i t y  ( / — / / )  and the nucleus  
a high a lk a l in e  ( / /A O  and acid  ( / / /  -  / / / / )  phosphatase a c t i v i t y .  
Often one, but o c c a s io n a l ly  se v e r a l ,  small dark areas (n u c le o l i )  
may be seen in  the nucleus fo llo w in g  the acid and a lk a l in e  phospha­
ta se  r e a c t io n s .
In gen era l, large  and in term ediate lymphocytes e x h ib it  cy to ­
chemical rea c t io n s  resembling those o f  the small lymphocyte, w hile  
the younger, more b a so p h il ic  forms o f  th ese  c e l l s  e x h ib it  cy to ­
chemical r ea c t io n s  in term ediate between the lymphoblast and the  
mature lymphocyte.
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4) R eticu lar clasm atocytes: (See t e x t - f i g .  2) A ll  s tages  o f  trans­
formation between r e t ic u la r  c e l l s  o f  the s inuses  and r e t ic u la r  
clasm atocytes have been observed morphologically and cytochem ically .  
The r e t ic u la r  clasm atocytes are oval or tr iangu lar  in  shape with  
irreg u la r  cytoplasmic o u t l in e s  and contain variab le  amounts o f  
phagocytized m ater ia l.  The n u c le i  contain one or two small n u c le o l i  
and have a chromatin pattern c lo s e ly  resembling that o f  the type "b" 
sinus reticulum c e l l .  A large amount o f  PAS-positive m ateria l as w e ll  
as many sudanophilic granules f i l l  the e n t ir e  cytoplasm, forming a 
r o se t te  about the cytocentrum. Glycogen and hemosiderin in c lu s io n s  
are often  present* Hemosiderin p a r t ic le s  are PAS-positive and vary
in  co lo r  from orange-red to deep red. Acid and a lk a lin e  phosphatase 
a c t iv i t y  o f  the r e t ic u la r  clasm atocytes i s  s im ila r  to  that o f  the 
reticulum c e l l  o f  the sinus (type "b."), although frequently  the 
cytocentrum ex h ib its  a greater phosphatase a c t i v i t y .  Phagocytized  
in c lu s io n s  may e x h ib it  a lk a lin e  phosphatase a c t iv i t y .
5) C lasm atocytes: (See t e x t - f i g .  2) The clasm atocyte, which appears 
to a r ise  from the r e t ic u la r  c lasm atocyte, i s  small with in d i s t in c t  
cytoplasm contain ing var iab le  amounts o f  phagocytized m ateria l and a 
compact nucleus with irreg u la r  margins; n u c le o l i  are u su a lly  absent.  
The cytochemistry o f  the clasm atocyte i s  s im ilar  to that o f  the 
r e t ic u la r  clasm atocyte, with the exception o f  occas ion a l high 
phosphatase a c t i v i t y .
6) Plasma c e l l s ,  mast c e l l s  and granulocytes: The cytoplasm o f  the
plasma c e l l  becomes deeply basophilic  and metachromatic fo llow in g  
exposure to to lu id in e  b lue. The s ta in a b i l i t y  o f  the cytoplasm i s
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greatly  reduced by prior d ig est io n  with ribonuclease. The PAS and 
Sudan black reactions co lo r  the en t ir e  cytoplasm a pale homogeneous 
pink and greenish-black, re sp ec t iv e ly  (formol-Zenker f ix a t io n ) ,  and 
a few PAS-positive and sudanophilic granules are lo c a l iz e d  about the 
cytocentrum. The plasma c e l l  cannot be d ist in gu ish ed  from the 
lymphocyte by means o f  the a lk a lin e  and acid phosphatase reaction s.
Mast c e l l  granules are sudanophilic, PAS-positive, metachroma- 
t i c  ( to lu id in e  blue) and contain a ribonucleoprotein component.
Neutrophils contain sudanophilic, glycogen and PAS-positive  
granules and exh ib it  weak a lk a lin e  and acid phosphatase react ion s.  
Eosinophil granules are sudanophilic and PAS-negative; the cytoplasm  
i s  PAS-positive.
C ells  o f  the Lymphoblastomas
1) Modified reticulum c e l l s  o f  Hodgkin’ s d is e a s e : (See t e x t - f i g s .  1
and 3) Both cytochemical and morphologic examination o f  lymph nodes 
obtained from p a t ien ts  with Hodgkin’ s d isea se  revea ls  tr a n s it io n a l  
forms between normal elongated reticulum c e l l s  forming the stroma 
and sinuses o f  the lymph node and large d e f in i t iv e  Hodgkin’ s c e l l s *  
and th e ir  early  and la t e  degenerative forms. The cytomorphosis o f  
the Hodgkin’ s c e l l  i s  divided in to  s ix  stages to f a c i l i t a t e  cyto­
chemical and morphologic d escr ip t ion :  (1) enlargement o f the
elongated reticulum c e l l  forming the stroma and sinuses; (2) rounding 
o f  the reticulum c e l l ;  (3) continued enlargement r e su lt in g  in a c e l l  
containing a large nucleus with sparse chromatin which frequently
------------   1- . .  • -   i—------------------------------- - --------------------------------------------
*The term "Hodgkin’ s c e l l"  i s  used throughout th is  study in  place o f  
the term "Reed-Sternberg c e l l . "
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aggregates about the nuclear membrane and the n u c le o l i ;  (4) indentation  
and lobulation  o f  the nucleus o f  the large mononuclear (Hodgkin*s) c e l l  
and a concomitant enlargement o f  the cytocentrum; m ultinucleated ce l ls  
may develop during th is  stage; (5) thickening o f  the chromatin, f i r s t  
at the nuclear membrane and nucleolar borders and la te r  throughout the 
nucleus, wrinkling o f  the nucleus and fragmentation o f  the n u c le o li;
(6) karyo rrhexi s .
There i s  a gradual increase in nuclear and nucleo lar  acid  
phosphatase during the transformation from the normal reticulum c e l l  
to the stage 1 Hodgkin's c e l l .  Although the increase may precede a 
morphologic m odification , both changes usually  occur concurrently.
Cytoplasmic ribonucleoprotein ( f i g .  5 ) ,  PAS-positive and 
sudanophilic granules and acid and a lk a lin e  phosphatase a c t iv i t y  are 
greater in the c e l l s  o f  stage 2 than stage 1.
The ribonucleoprotein component o f the d e f in i t iv e  Hodgkin's 
c e l l  (stages 3 and 4) i s  greater than in the e a r l ie r  forms (stages  
1 and 2 ) .  The ribonucleoprotein in the cytocentrum o f  the mature 
Hodgkin's c e l l  i s  colored blue ( /  -  / / )  and that o f  the remainder o f  
the cytoplasm i s  colored lavender ( /  -  / / / )  with to lu id in e  blue ( f i g , 6 ) .  
The basophilic  component o f  the n u c leo li  i s  greatly  reduced fo llow ing  
ribonuclease d ig e s t io n .  Small PAS-positive and sudanophilic granules 
are d istr ib u ted  throughout the cytoplasm with a concentration o f  
larger PAS-positive and sudanophilic granules about the cytocentrum 
( f i g s .  7 and 8 ) .  Glycogen has been found in  widely varying amounts in 
Hodgkin's c e l l s  in 3 o f  24 cases studied. In a few c e l l s ,  a small 
number o f  large PAS-positive ( f ig .  7) and sudanophilic granules,
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having an ir r e g u la r  contour and e x h ib i t in g  a lk a l in e  phosphatase  
a c t i v i t y  ( f i g .  11) t a te  lo c a l i z e d  a t  the periphery o f  the PAS- 
p o s i t i v e  and sudanophilic  r o s e t t e .  The PAS and Sudan black rea c t io n s  
c o lo r  the la rg e  n u c le o l i  o f  the Hodgkin's c e l l .  The a c id  and 
a lk a l in e  phosphatase a c t i v i t y  o f  the d e f i n i t i v e  Hodgkin's c e l l  i s  
g r e a te r  than th at o f  the normal round reticu lum  c e l l  and younger 
forms o f  Hodgkin's c e l l s  ( s ta g e s  1 and 2 ) ,  ( t e x t - f i g .  3 ) .  Acid and 
a lk a l in e  phosphatase i s  demonstrated in  the nucleus and n u c le o l i  o f  
th e  s ta g e  3 and s ta g e  4 Hodgkin's c e l l  as 4~i44* w h ile  the a lk a l in e  
phosphatase o f  the cytoplasm i s  v a r ia b le  ( /  -  / / / )  ( f i g s .  10 and 11);  
the  ac id  phosphatase a c t i v i t y  i s  / /  to •H4' ( f i g .  12) w ith  an occa­
s io n a l  darker zone near the cytocentrum.
The nucleus o f  the degenerating  Hodgkin's c e l l  ( s ta g e s  5 and
6) may s ta in  so deeply during the f in a l  s ta g es  o f  c e l l  degeneration  
th a t  nuclear s tru ctu re  i s  obscured. The cytoplasm ic ribonucleopro­
t e in  of the degenerating c e l l  i s  a l t e r e d  and s ta in s  a muddy blue  
rath er  than lavender with to lu id in e  b lu e . N eutral f a t  vacuoles may 
develop in the cytoplasm o f  the degenerating Hodgkin's c e l l  (21) ; 
the cytoplasm near the vacuole i s  P A S -p o s it iv e .  P A S -p osit ive  and 
sudanophilic  granules and ac id  ( f i g .  14) and a lk a l in e  phosphatase  
a c t i v i t y  are in creased  in  the degenerating  c e l l s .  Hodgkin's c e l l s  
may undergo degeneration  a t  any p o in t  during t h e ir  development a f te r  
having become round ( s ta g e  2 ) .
In a few in s ta n c e s ,  the f i r s t  s ig n  o f  degeneration  i s  in d ic a te d  
by a diminution or absence o f  the n u c leo la r  r ib on u c leo p ro te in  and 
phosphatase a c t i v i t y  ( f i g .  1 5 ) .  Only the n u c leo la r  rim remains
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d is t in g u is h a b le ,  and the phosphatase a c t i v i t y  o f  the cytoplasm and 
nucleus i s  not as g r ea t  as th a t  observed in the o ther degenerating  
forms.
N eutrophils  and e o s in o p h ils  may aggregate around the large  
n u c le i  o f  degenerating  Hodgkin's c e l l s  in which the cytoplasm and 
n u c le o l i  are absent. The n u c le i  appear to be undergoing k a r y o ly s is  
and are poorly  s ta in e d  fo l lo w in g  the n u c lea l and t o lu id in e  blue  
r e a c t io n s .
The amount o f  desoxyribonucleoprotein  in the n u c le i  o f  many 
d e f in i t i v e  Hodgkin*s c e l l s  appears to  be g rea ter  than th a t  o f  the  
normal reticu lum  c e l l  and the s ta g e  1 Hodgkin's c e l l .  This concept  
i s  based upon a v isu a l  comparison o f  the s i z e  o f  the nucleus, chro­
matin d i s t r ib u t io n  and the th ick n ess  o f  the chromatin strands o f  
th e se  c e l l  forms ( f i g s .  6 and 16) .
M ultinucleated  Hodgkin*s c e l l s  e x h ib it  cytochem ical rea ct io n s  
th a t  appear to depend upon th e ir  developmental s tage  and resemble  
those  rea ct io n s  in d ic a te d  fo r  the mononuclear Hodgkin*s cell- .
2) M odified reticu lum  c e l l s  o f  reticu lum  c e l l  sarcoma: (See t e x t -  
f i g s .  1 and 4) M odified c e l l s  o f  reticu lum  c e l l  sarcoma resemble  
normal, round reticu lum  c e l l s  and s ta g e  2 Hodgkin*s c e l l s  in  s i z e  
and contour. The v e s ic u la r  nucleus conta ins  two to f i v e  medium­
s iz e d  n u c le o l i .  The cytop lasm ic r ib on u cleop rote in  i s  co lored  
lavender ( / / )  and the n u c le o l i  appear blue ( / / / )  fo llo w in g  exposure  
to  to lu id in e  b lu e . The cytoplasm o f  th is  c e l l  i s  co lored  a pa le  
homogeneous pink and g reen ish -b lack  fo llo w in g  the PAS and Sudan black  
r e a c t io n s  (formol-Zenker f ix a t i o n ) .  P A S -p osit ive  and sudanophilic
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granules are d is tr ib u ted  throughout the cytoplasm and lo c a l iz e  about 
the cytocentrum. Glycogen i s  demonstrable in  many reticulum c e l l  
sarcoma c e l l s .  The a lk a lin e  phosphatase a c t iv i t y  resembles that o f  
the stage 2 Hodgkin*s c e l l  and i s  greater  in the reticulum c e l l  sar­
coma c e l l  than in  the normal round reticulum c e l l ,  lymphoblast and 
lymphosarcoma c e l l .  The acid phosphatase a c t iv i t y  of the reticulum  
c e l l  sarcoma c e l l  resembles the phosphatase a c t iv i t y  o f  the c e l l s  
mentioned above. Using the technics described in th is  report, the 
reticulum c e l l  sarcoma c e l l  cannot be d ist in gu ish ed  cytochemically  
from the stage 2 Hodgkin’ s c e l l ,  but may be d if fe r e n t ia te d  from 
d e f in i t iv e  Hodgkin’ s c e l l s  (stages  3 and 4 ) ,  ( t e x t - f i g .  4 ) .
3) Modified lymphocytes observed in chronic lymphatic leukemia and 
lymphosarcoma; (See t e x t - f i g s .  1 and 4) Morphologically, the modi­
f ie d  lymphocytes o f  chronic lymphatic leukemia resemble normal 
lymphocytes, although the normal lymphocyte presents a more dense 
chromatin pattern. The lymphosarcoma c e l l  has a more v es icu la r  nucleus 
than e ith e r  the normal or the leukemic lymphocyte. In s p i t e  o f  these  
d ifferen ces ,  i t  i s  o ften  d i f f i c u l t  to d is t in g u ish  lymphatic hyper­
p la s ia ,  lymphatic leukemia and lymphosarcoma on a morphologic b a s is .  
Modified lymphocytes o f  chronic lymphatic leukemia and lymphosarcoma 
may possess a more b asop h ilic  cytoplasm than do normal mature 
lymphocytes.
Many leukemic and sarcomatous lymphocytes contain more PAS- 
p o s it iv e  and glycogen granules than do normal lymphocytes, although 
the number o f  granules was not increased in one o f  nine cases o f  
lymphatic leukemia studied.
19.
The sudanophilic granulation o f  the leukemic and sarcomatous 
lymphocytes does not appear to d i f f e r  from that o f  the normal 
lymphocyte0 The a lk a lin e  and acid  phosphatase a c t i v i t y  o f  the  
nucleus o f  the leukemic lymphocyte resembles that o f  the normal 
lymphocyte, w hile  the phosphatase a c t iv i t y  o f  the nucleus o f  the 
sarcomatous lymphocyte i s  l e s s  than that o f the normal lymphocyte. 
Following the a lk a l in e  and acid  phosphatase r e a c t io n s ,  one large  
nucleolus i s  u su a lly  demonstrable in  the leukemic lymphocyte and 
sev era l small n u c le o l i  in  the sarcomatous lymphocyte. The cyto­
chemical react ion s  o f  the sarcomatous and leukemic lymphocytes may 
be compared with those o f  normal lymphocytes in t e x t - f i g .  4.
4) C e l ls  o f  g ian t  f o l l i c u l a r  lymphoblastoma; (See t e x t - f i g s .  1 and 5) 
Lymph node c e l l s  obtained from three p a tien ts  with g ian t  f o l l i c u l a r  
lymphoblastoma have given in c o n s is te n t  cytochemical reactions and 
present a var iab le  c e l lu la r  morphology.
Examination o f  Node A reveals  that the c e l l s  e x h ib it  morpho­
lo g ic  c h a r a c te r is t ic s  resembling those o f  the lymphosarcoma c e l l ;  
c e l l s  o f  Node B resemble the reticulum  c e l l  sarcoma c e l l ;  and c e l l s  
o f  Node C e x h ib it  morphologic v ar ia t ion s  between the reticulum c e l l  
sarcoma c e l l  and the lymphosarcoma c e l l .  Sudanophilic and PAS- 
p o s i t iv e  granules are d is tr ib u ted  throughout the cytoplasm; glycogen  
i s  present in  var iab le  amounts in  the c e l l s  o f  each node. The acid  
and a lk a lin e  phosphatase a c t iv i t y  o f  the c e l l s  o f  Nodes A and C i s  
le s s  than that o f  the c e l l s  o f  Node B; however, the a lk a l in e  phospha­
ta se  a c t iv i t y  o f  the c e l l s  o f  Node B c lo s e ly  resembles that o f  the 
reticulum c e l l  sarcoma c e l l .  The cytochemistry o f  the c e l l s  o f  g iant
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f o l l i c u l a r  lymphoblastoma may be compared with that o f  other  
lymphoblastoma c e l l s  in t e x t - f i g .  5„
5) Monoblasts and young monocytes o f  acute monocytic leukemia:
(See t e x t - f i g .  1) Monoblasts and young monocytes are characterized  
by round or s l i g h t l y  indented v e s ic u la r  n u c le i  w ith one or two 
n u c le o l i .  The ribonucleoprotein  o f the cytoplasm o f  these leukemic 
c e l l s  i s  co lored  lavender ( /  -  / / )  with to lu id in e  blue. A small 
number o f  PA S-positive and sudanophilic  granules form a r o se tte  
about the cytocentrum. Following the PAS reaction  the cytoplasm o f  
the leukemic monocyte is  co lored  a fa in t  homogeneous pink; th is  
react ion  of the cytoplasm i s  not changed fo llow in g  previous tr e a t ­
ment with r ibonuclease  or hyaluronidase. The a lk a lin e  and acid  
phosphatase a c t i v i t y  o f the leukemic monocyte i s  l e s s  than that of  
the lymphosarcoma c e l l  ( se e  t e x t - f i g .  1 ) .
Modified C e lls  o f  M iscellaneous Human Lymph Nodes
1) Modified reticulum c e l l s  o f  Boeck^ sa rco id ; (See t e x t - f i g .  1) 
Lymph nodes obtained from p a t ien ts  with Boeck*s sarcoid  contain  
" tu b e r c le - l ik e ” masses o f  modified c e l l s  surrounded by dense con­
ce n tr ic  rings o f  r e t ic u la r  f ib e r s .  Elongated reticulum c e l l s ,  
lymphocytes, plasma c e l l s  and mast c e l l s  are enmeshed between these  
f ib e r s  and throughout the node.
Reticulum c e l l s  o f  the stroma outside  the rings o f  r e t ic u la r  
f ib e r s  e x h ib it  normal morphologic and cytochemical c h a r a c te r is t ic s .  
The modified reticulum c e l l s  w ith in  the rings o f  f ib e r s  e x h ib it  an 
increase  in  cytoplasm ic ribonucleoprotein  ( /  -  / / ) ,  PA S-positive and 
sudanophilic granules; a lk a lin e  phosphatase a c t iv i t y  i s  increased in
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both the cytoplasm ( / / / )  and nucleus ( / / / / ) .  F o llow ing  m igration  
in to  the " tu b e r c le - l ik e ’' granuloma, the m odified  reticu lum  c e l l  
becomes sm aller  and more ir r e g u la r  in shape* The amount o f  cy to ­
plasm ic r ib on u cleop rote in  and a lk a l in e  phosphatase d ecrea ses  although  
the amount o f  P A S-posit ive  and sudanophilic  m ater ia l i s  in crea sed .  
This c e l l  then e x h ib i t s  a high a c id  phosphatase a c t i v i t y  s
e s p e c ia l ly  in  the region  o f  the cytocentrum. T e x t - f i g .  1 in d ic a te s  
the cytochem ical r ea c t io n s  ex h ib ite d  by the mononuclear c e l l  o f  
Boeck*s sarco id  lo c a te d  in  the " tu b e r c le - l ik e "  form ation.
Giant m u lt in u c lear  c e l l s  o f  Boeck’ s sarco id  vary g r e a t ly  in  
s i z e  and in the number o f  n u c le i .  There i s  a con cen tra tion  o f  PAS- 
p o s i t iv e  and sudanophilic  granules in the region o f  the cytocentrum  
as w e l l  as a l e s s  dense d is t r ib u t io n  throughout the cytoplasm.  
Follow ing exposure to  to lu id in e  b lue , the r ib on u cleop rote in  in  the 
region  o f  the cytocentrum i s  co lored  blue ( / )  w h ile  the remainder 
o f  the cytoplasm i s  co lored  b lu e-laven d er  ( / /  -  ///■) . The a lk a l in e  
phosphatase a c t i v i t y  o f  the g ia n t  c e l l  i s  not marked; however, ac id  
phosphatase a c t i v i t y  i s  very h igh , e s p e c ia l ly  in the region  o f  the 
cytocentrum ( / / / /  -  / / / / / )  . Giant c e l l s  in the i n i t i a l  s ta g es  o f  
degeneration  e x h ib i t  h igher a lk a l in e  phosphatase a c t i v i t y  and have 
denser chromatin than the mature forms o f  g ia n t  c e l l s .
Shaumann b o d ies ,  found in  the cytoplasm o f  the g ia n t  c e l l s ,  
are metachromatic (deep purple) with to lu id in e  b lu e , P A S -p o s it iv e ,  
and p ossess  a high ac id  and a lk a l in e  phosphatase a c t i v i t y .
2) M odified lymphocytes (Rieder c e l l s )  o f  in fe c t io u s  m ononucleosis;
(See t e x t - f i g .  1) Large and in term ediate s iz e  Rieder c e l l s  e x h ib i t  
a moderately b a so p h il ic  vacuolated cytoplasm and deeply indented  
n u c le i .  A small number o f  PA S-positive  and sudanophilic  granules  
are d is tr ib u te d  throughout the cytoplasm and are lo c a l iz e d  in the 
region o f  the cytocentrum; glycogen may a lso  be p resent in  these  
c e l l s .  Acid and a lk a l in e  phosphatase preparations were inadequate  
fo r  c y to lo g ic a l  study.
3) M etasta tic  carcinoma c e l l s  in v o lv in g  the lymph node; The cytochem i-  
c a l  react ion s  ex h ib ite d  by carcinoma c e l l s  obtained from a small num­
ber o f  in d iv id u a ls  have been v a r ia b le t although glycogen i s  present  
in  the carcinoma c e l l s  o f  a l l  nodes examined. The cytochem istry o f  
th ese  c e l l s  may depend upon th e ir  primary s i t e  o f  o r ig in  ( J L O ,  18, 22); 
th ere fo re ,  the cytochemical eva luation  has been postponed awaiting  
fu rth er  m a ter ia l .
DISCUSSION
Cytochemical changes occur in  c e l l s  o f  normal human lymph nodes 
during maturation and development. These changes are evident in the 
transformation o f  e longated reticulum  c e l l s  in to  clasm atocytes by the 
e lab oration  o f  large  amounts o f  PA S-positive m ateria l ( t e x t - f i g .  2) ; 
during the formation o f  the lymphoblast from the round reticulum  c e l l  
by the in crease  in  r ibon u cleop rote in  and phosphatase a c t i v i t y  ( t e x t -  
f i g .  1); and during lymphocyte maturation by a decrease in  ribonucleo— 
p r o te in ,  mucopolysaccharide and l i p i d  granules and a s l i g h t  in crea se  
in  nuclear ac id  phosphatase.
I t  i s  p o s s ib le  to d escr ib e  f iv e  general cytochem ical m odifica­
t io n s  taking p la ce  during d i f f e r e n t ia t io n  and maturation o f  n eo p la st ic  
and n on -n eop lastic  lymph node c e l l s 0 In order to  make th is  c l a s s i f i ­
c a t io n ,  i t  i s  necessary  to assume th at the elongated reticulum  c e l l *  
i s  the b asic  prototype from which other lymph node c e l l s  are derived .  
The cytochemical m od if ica t io n s  are (1) a gradual in crea se  in  cy to ­
plasmic r ibonucleoprote in  and a s im ila r  increase  in phosphatase 
a c t i v i t y ,  f i r s t  in  the n u cleo lu s ,  then in  the cytoplasm and nucleus.  
This type o f  cytochem ical m od ifica tion  takes p lace  during the forma­
t ion  o f  (a) the lymphoblast from the elongated reticu lum  c e l l  through 
the interm ediate round reticulum  c e l l  stage;  (b) the plasma c e l l ;
(c) the ear ly  stages  o f  Hodgkin*s c e l l s  (sta g es  1 and 2) ; and (d) 
p o ss ib ly  the ea r ly  s ta g es  o f  the reticulum  c e l l  sarcoma c e l l .  The 
formation o f  r ibonucleoprotein  and the in crease  in  phosphatase  
a c t i v i t y  suggest an increase  in c e l l  metabolism and a h igher ra te  o f  
prote in  s y n th e s is .  (2) An e lab oration  o f PA S-positive  and sudanophilic  
granules with a continued in crea se  in r ibonucleoprote in  content and 
phosphatase a c t i v i t y .  C e lls  in  th is  group are the l a t e r  s ta g es  in  
the Hodgkin*s c e l l  ( s ta g es  3-5) and the reticulum  c e l l  sarcoma c e l l .
(3) The e lab oration  o f  PA S-positive and sudanophilic  granules w ithout  
an in crea se  in  r ibonucleoprotein  occurring with or w ithout an in crease  
in  phosphatase a c t i v i t y .  C e l l  forms included in th is  group are (a) 
the transformation sta g es  between the s inus reticulum  c e l l  and c l a s -  
matocyte and (b) the formation o f  the modified reticu lum  c e l l  o f  
Boeck's sarco id . (4) A decrease in r ibon u cleop rote in  and an in crea se
*The elongated reticulum  c e l l  re ferred  to includes both those o f  the 
stroma and s in u ses  (type "a") which e x h ib it  s im ila r  cytochem istry  
and morphology.
24.
in  phosphatase a c t i v i t y .  This m od if ica t ion  i s  observed during the 
maturation o f  the lymphocyte from the lymphoblast. (5) An in crease  
in  phosphatase a c t i v i t y  and an e lab oration  o f  g lycogen . C e l ls  in  
t h i s  group include the lymphocytes o f  lymphatic leukemia and 
lymphosarcoma.
D e f in i t iv e  Hodgkin*s c e l l s  ( s ta g es  3 and 4) contain  more l i p i d  
and mucopolysaccharide granu les, more r ibonucleoprote in  and have a 
higher ac id  and a lk a l in e  phosphatase a c t i v i t y  than normal elongated  
and round reticulum  c e l l s  ( t e x t - f i g .  3 ) .  The f i r s t  d is c e r n ib le  
cytochemical change occurring during the formation of the Hodgkin*s 
c e l l  i s  a gradual in crea se  in  ac id  phosphatase o f  the nucleus and 
n u c leo lu s ,  fo llow ed  by an in crea se  in the r ib on u cleop rote in  o f  both 
the cytoplasm and nucleo lus  and an e la b o ra tio n  o f l ip id  and muco­
polysaccharide gran u les . Acid and a lk a l in e  phosphatase a c t i v i t y  
continue to in crease  as the c e l l  becomes more mature and undergoes 
degeneration . The amount o f desoxyribonucleoprotein  in  the nucleus 
o f  many large Hodgkin*s c e l l s  appears grea ter  than that of normal 
reticulum  c e l l s  and ear ly  forms o f  Hodgkin*s c e l l s .
P rogress ive  enlargement o f  the nucleolus and the " n u cleo lu s-  
a sso c ia te d  chromatin" o f  the Hodgkin*s c e l l  i s  followed by a pro­
g r e s s iv e  in crea se  in  r ibonucleoprote in  in  the cytoplasm and n u c leo lu s .  
This type o f  change has been described  as a c h a r a c t e r i s t ic  o f  rapid ly  
growing c e l l s  ( 2 3 ) . According to Caspersson (2 3 )T the " n u cleo lu s-  
a sso c ia te d  chromatin" e laborates  r ib o se  n u cleo tid e  and prote in  sub­
stances r ich  in diamino ac id s  during prote in  s y n th e s is .  I t  i s  
p ostu la ted  that n u c le o l i  are formed and enlarged by the accumulation
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o f  these substances. In th is  manner the " n u c leo lu s-a sso c ia ted  
chromatin" may regu la te  n u c le ic  acid  metabolism and in d ir e c t ly  
regu late  p rote in  metabolism. Caspersson further p o stu la te s  that  
the en d ocellu lar  mechanism, normally in h ib it in g  the a c t iv i t y  o f  the 
protein-form ing system, i s  almost non-functional in carcinoma and 
sarcoma c e l l s  r e su lt in g  in  a s p e c i f i c  cytochemical change as compared 
with non-neop lastic  c e l l s .  U l t r a -v io le t  an a ly s is  o f  g ia n t  f o l l i c u l a r  
lymphoblastoma c e l l s  (ex h ib it in g  changes suggestive  o f  reticulum c e l l  
sarcoma) are sa id  to in d ica te  a "continuous change in the a c t iv i t y  
o f  the system fo r  protein  formation" (2 3 ) .
Phosphatase a c t i v i t y  in the Hodgkin*s c e l l  appears to  vary 
d ir e c t ly  with cer ta in  phases o f  c e l lu la r  metabolism. S ince the 
early  e laboration  o f  phosphatase in the nucleolus and nucleus occurs 
during d i f f e r e n t ia t io n  and j u s t  p rior  to  the formation o f  cy top las­
mic r ibonucleoprotein , i t  i s  p o ss ib le  that these enzymes may function  
in  the phosphorylation o f r ibonucleoprotein . Cytochemical observa­
t ion s  o f fe r  evidence that degeneration of the Hodgkin*s c e l l  may be 
m anifested in two ways: (1) lo ss  o f  phosphatase a c t i v i t y ,  re su lt in g  
in  an i n a b i l i t y  to synthesize  nucleoprotein  and s p e c i f i c  c e l l  pro­
te in s  and (2) degradation and a l te r a t io n  o f  nucleoprotein  as w e l l  as 
other chemical c o n st itu en ts  o f-th e  c e l l  by the phosphatase system. 
Ross (24) demonstrated that a lk a lin e  phosphatase acts  very slow ly on 
high ly  polymerized desoxyribose n u cle ic  acid . The e f f e c t  o f  the 
enzyme becomes greater  as the molecular weight o f  the n u c le ic  acid  
decreases, presumably due to the action  o f  the enzyme on the more 
numerous terminal phosphate groups a v a i la b le  as a r e s u lt  o f
26.
d ep o lym er iza tion . Further examination o f  phosphatase s p e c i f i c i t y  
employing a v a r ie t y  o f  su b s tr a te s  i s  n ecessary  in  order to  e s ta b -  
l i s h  t h e ir  r o le  in  c e l l u l a r  m etabolism .
The d iv i s i o n  o f  Hodgkin's d is e a s e  in to  th ree  h is to p a th o lo g ic  
types (25) does not seem warranted from a cytochem ica l p o in t  o f  view. 
This view i s  in  agreement w ith  th a t  o f  S lau gh ter  and Craver (26) t 
who have o b je c te d  to  Jackson and Parker*s (25) c l a s s i f i c a t i o n  
because lymph nodes observed in  one in d iv id u a l  may e x h ib i t  a l l  stages  
o f  c y to p h y s io lo g ic  v a r ia t io n  d escr ib ed  by the l a t t e r ;  Reed (27) and 
Longcope (28) have observed s im i la r  v a r ia t io n s  in  a group o f  nodes 
removed from a s in g le  reg io n .  C on tr ib ution s  to  the understanding o f  
the Hodgkin's c e l l  p r io r  to  1947 are d isc u sse d  in a review  by 
H o ster  and Dratman ( 2 9 ) .  Cytochem ical ev id en ce  d escr ib ed  in t h is  
rep ort supports the view o f  o th er  in v e s t ig a to r s  th a t  the reticu lum  
c e l l  g iv e s  r i s e  to  the Hodgkin*s c e l l  (21, 30) and does not substant­
i a t e  the theory th a t  they a r i s e  from r e t i c u la r  macrophages ( 3 1 ) .
Using the cy tochem ica l techniques d escr ib ed , m odified  r e t i c u ­
lum c e l l s  o f  H odgkin's d is e a s e  ( s ta g e  2) cannot be d is t in g u is h e d  from 
the reticu lum  c e l l  sarcoma c e l l  ( t e x t - f i g .  4 ) .  The Hodgkin's c e l l  
( s ta g e s  2-4) and the reticu lum  c e l l  sarcoma c e l l  con ta in  more muco­
p o ly sa cch a r id e  and l i p i d  granules  than do leukemic and sarcomatous 
lymphocytes ( t e x t - f i g .  4 ) .  Although glycogen i s  r a r e ly  p resen t  in  
the Hodgkin's c e l l ,  i t  i s  in fr e q u e n t ly  found in  the reticu lum  c e l l  
sarcoma c e l l  and i s  u s u a l ly  p resen t  in  m odified  lymphocytes o f  
lymphosarcoma and chronic  lymphatic leukemia. The phosphatase a c t i ­
v i t y  o f  th ese  c e l l  forms d i f f e r s  on ly  s l i g h t l y  ( t e x t —f i g .  4 ) .
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Many o f  the m odified  lymphocytes o f  lymphosarcoma, chronic  
lymphatic leukemia and in fe c t io u s  mononucleosis contain  more glycogen  
and mucopolysaccharide granules than do normal lymphocytes (text*-* 
f i g .  4 ) .  W islock i,  e t  a l .  (32) and Gibb and S tow ell  (33) report  
more glycogen in  leukemic lymphocytes observed in  blood film s than 
in  normal lymphocytese Modified lymphocytes o f chronic lymphatic 
leukemia o ften  e x h ib it  a higher nuclear phosphatase a c t i v i t y  than do 
lymphosarcoma c e l l s .  The presence o f  a large s in g le  nucleo lus in  
leukemic lymphocytes d is t in g u ish e s  th ese  c e l l s  from sarcomatous 
lymphocytes which Contain sev era l small n u c le o l i .  A l l  normal lympho­
c y tes  show a lk a l in e  phosphatase (and ac id  phosphatase) a c t i v i t y  as 
w e l l  as those o f  chronic lymphatic leukemia and lymphosarcoma. This 
observation  d i f f e r s  with those o f Wachstein ( I f )  and Kabat and 
Furth (10) .
C e l ls  occurring in  lymph nodes with lymphoblastoma involvement 
but m orphologically  presumed to be non -n eop lastic  e x h ib i t  normal 
cytochem ical r e a c t io n s .  This observation  provides ev idence that  
c e l l u l a r  hyperplasia  r e s u lt in g  in c er ta in  d isea se  con d it io n s  ( i . e . ,  
e o s in o p h i l ia  freq u en tly  noted in Hodgkin's d is e a s e ,  p r o l i f e r a t io n  o f  
plasma c e l l s  and clasm atocytes in in fe c t io u s  d isea ses  and n o n -sp e c if ic  
reticulum  c e l l  and lymphatic hyperplasia) i s  a secondary or modulating 
m an ifesta tion  rather than a n eop lasia  o f  these c e l l  forms.
The presence o f  two forms o f  r ibonucleoprote in  i s  o f fe r e d  in 
explanation  o f  the blue and lavender reaction s  e l i c i t e d  by the 
cytoplasm o f  lymph node c e l l s  fo llo w in g  exposure to to lu id in e  blue,  
although a p o s i t iv e  metachromatic rea ct io n  may be produced i f  the
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r a t io  o f  dye to n u c le ic  ac id  i s  high (3 4 ) .  In c e l l s  undergoing pro-  
t e in  sy n th es is  the lavender co lo r  p r e v a i l s ,  suggesting  the presence  
o f  a l e s s  h ig h ly  polymerized form of n u c le ic  ac id  than th a t  g iv in g  
r i s e  to  the blue c o lo r .  The occurrence o f  more than one form o f  
ribon u cleop rote in  (35) and ribonuclease  (36) has been reported.
The chemical nature o f  the cytoplasm ic and n u cleo lar  m ateria l  
that e x h ib its  a deeply b a so p h il ic  co lo r  and a homogeneous co lo ra t io n  
fo llo w in g  the PAS and Sudan black tech n ics  suggests  the presence o f  
a r ib o n u c le o p r o te in - l ip id  complex in which the l i p i d  fr a c t io n  con­
ta in s  an unsaturated f a t t y  acid; the e x is te n c e  o f  a carbohydrate in  
the moiety cannot be ru led  out. The c lo s e  agreement in  the d is tr ib u ­
t io n  and amount o f sudanophilic  and PA S-positive granules suggests  
th a t a l ip id -carb oh yd rate  (mucopolysaccharide) complex may e x i s t  in  
these  granules or th a t the PAS rea ct io n  i s  demonstrating an unsatu­
rated  l i p i d  or sp h in g o lip id .
The data presented  have provided evidence that normal and abnor­
mal lymph node c e l l s  have cytochemical in d iv id u a l i ty  and that cy to ­
chemical a l t e r a t io n s  may take p lace  in advance o f  d is c e r n ib le  morpho­
lo g ic  changes; in most in stan ces  these  changes appear to be quantita­
t iv e  rather than q u a l i ta t iv e  as ascer ta in ed  by the r e la t iv e  in te n s i ty  
o f  the rea ct io n s  and the amount o f  cytoplasm ic gran u lation . Such 
d iffe r e n c e s  have been remarkably c o n s is te n t  among s im ila r  c e l l  forms 
and during the maturation o f a c e l l  l in eage  and undoubtedly r e f l e c t  
d iffe r e n c e s  in m etabolic  a c t i v i t y  in  the various c e l l  forms. These 
prelim inary s tu d ie s  suggest  that cytochem ical techn ics  may prove to be 
valuable  in studying the d i f f e r e n t ia t io n  and in te r r e la t io n  of the 
lymphoblastomas.
SUMMARY
1, An attempt has been made to character ize  the c e l l s  o f  normal 
and patholog ic  human lymph nodes® Stages in the formation 
and development o f  these c e l l s  have been demonstrated 
cytochem ically  and morphologically*
20 Evidence suggests  that in c e l l s  o f  lymph nodes cytochemical
changes occur prior  to d isc e r n ib le  morphologic d i f f e r e n t ia t io n .  
These cytochemical changes appear to be q u a n tita tiv e  rather  
than q u a l i ta t iv e  in nature.
3 .  Cytochemical evidence presented supports the view that the 
reticulum c e l l  g ives  r i s e  to the Hodgkin*s c e l l .
4. Cytochemical d ifferen ces  between c e l l s  o f  normal lymph nodes 
and the modified c e l l s  o f  Hodgkin*s disease* reticulum c e l l  
sarcoma, lymphosarcoma, lymphatic leukemia and Boeckl s sarcoid  
are described.
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EXP. 1  A PLATE 1
Figure 1. — Normal elongated  reticu lum  c e l l s  (A) and small lymphocytes 
(B). A lk a lin e  phosphatase. X 1250.
Figure 2 . «  Normal e longated  reticu lum  c e l l s  (A) and small lymphocytes 
(B) .  Acid phosphatase. X 1250.
Figure 3 .  -  Normal round reticu lum  c e l l  (A) ,  e longated  reticu lum  c e l l  
(B) and sm all lymphocytes (C). A lk a lin e  phosphatase. X 1250.
Figure 4 . « Normal round reticu lum  c e l l  (A) and small lymphocytes (B). 
Acid phosphatase. X 1250.
Figure 5. « Developing Hodgkin*s c e l l s ,  s ta g es  1 (A) t 2 (B) and 3 (C) 
and sm all lymphocytes. T o lu id in e  b lu e . X 1250.
Figure 6. -  D e f in i t iv e  s tage  3 Hodgkin's c e l l  with prominent region  
o f  the cytocentrum (A). T o lu id in e  b lu e . X 1250.
Figure 7. -  D e f in i t iv e  s tage  3 Hodgkin's c e l l  (A) with f in e  PAS-posi­
t iv e  granules s c a t te r e d  throughout the cytoplasm and concentrated  
in  the region  of the cytocentrum. One Hodgkin's c e l l  (B) conta ins  
large  P A S-positive  gran u les .  PAS r e a c t io n ,  r e t i c u la r  f ib e r s  e x h ib it  
a strong r e a c t io n .  X 1250.
F igure 8 .  -  Stage 3 Hodgkin's c e l l s  with sudanophilic  granules s c a t ­
tered throughout the cytoplasm and lo c a l i z e d  about the nucleus and 
cytocentrum. Sudan b lack . X 1250.
EXP. 1 A PLATE 1
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EXP. 1A PLATE 2
Figure 9. -  Stage 1 (A) and 2 (B) Hodgkin*s c e l l s  fo llo w in g  exposure  
to  the a lk a l in e  phosphatase reaction,, X 1250.
Figure 10. -  B inucleated  Hodgkin*s c e l l  fo llo w in g  the a lk a l in e  phos« 
phatase r e a c t io n .  X 1250.
Figure 11. «  M ultinucleated  Hodgkin*s c e l l  demonstrated by the
a lk a l in e  phosphatase r e a c t io n .  Note the l ig h te r  c o lo r a t io n  o f  the 
cytoplasm about the cytocentrum and the small darker bodies located  
in th is  region* X 1250.
Figure 12. « Stage 1 (A), 2 (B) and 3 (C) Hodgkin*s c e l l s .  Acid  
phosphatase. X 1250.
Figure 13. « Stage 2 Hodgkin*s c e l l s  (A). Acid phosphatase. X 1250.
Figure 14. -  High ac id  phosphatase rea ct io n  in  the degenerating  
Hodgkin*s c e l l .  Acid phosphatase. X 1250.
Figure 15. « T rinucleate  Hodgkin*s c e l l  i l l u s t r a t i n g  the decrease in  
acid  phosphatase a c t i v i t y  in some degenerating c e l l s .  Note that  
there i s  a s in g le  l i g h t l y  co lored  nucleolus (A) and sev era l darkly  
colored  n u c le o l i  (B) in  th is  c e l l .  Acid phosphatase. X 1250.
Figure 16. -  D i f fe r e n t ia t in g  Hodgkin*s c e l l s ,  s tage  1 (A); b in u clea te  
(B) and m ito t ic  forms (C). Note the apparently greater  amount o f  
desoxyribonucleoprotein  in  the nucleus o f  the large Hodgkin*s c e l l  
as compared with the younger forms. N ucleal r e a c t io n .  X 1250.
EXP. 1 A PLATE 1
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CYTOCHEMISTRY AND MORPHOLOGY OF HUMAN LYMffl 
NODE CELLS GROWN IN VITRO
Cytochemistry applied to the study o f  human lymph node c e l l s  
grown ip  v itr o  has been in v e s t ig a te d  by Reiman, e t  a l . , (37) who 
described the presence o f  cytoplasmic l ip id  droplets s ta in a b le  
with Sudan IV in many human lymph node cu ltu r e s .  The l ip id  drop­
l e t s  were present in greater  numbers in c e l l s  grown from lymph nodes 
with Hodgkin*s involvement than in cultured c e l l s  o f  other n eop last ic  
and non-neoplastic  lymph nodes. According to  these  authors, the num­
ber o f  l ip id  droplets  in reticulum and macrophage-type c e l l s  from 
n eo p la st ic  and non-neoplastic  human lymph nodes could be increased  
by su b s t itu t in g  Hodgkin*s serum for normal human serum in the growth 
media. This in v e s t ig a t io n  represents a cytochemical and morphologic 
examination o f  n eo p la st ic  and non-neoplastic  human lymph node c e l l s  
grown ini v i t r o , as w e l l  as a comparative cytochemical evaluation  o f  
human lymph node c e l l s  grown in  v itr o  with s im ila r  c e l l s  examined in 
t i s s u e  s e c t io n ,  and i s  a continuation of the previous study on the 
cytochemistry o f  human lymph node c e l l s  in t i s s u e  sec t io n  (38 ).
M aterials and Methods 
Human lymph nodes were obtained under s t e r i l e  cond itions at  
biopsy. A rep resen tative  part o f  each specimen was subjected  to 
f ix a t io n  for h i s t o lo g ic  cytochemical stu d ies  (3 8 ) .  The remainder o f  
the node was cu ltured  w ithin four hours a f t e r  removal according to the 
technic prev iously  described (3 0 ) . Porter tubes were used in p lace  
o f  r o l le r  tubes. Two small p ieces  of t i s s u e  ( 0 .5 - 1 .0  mm.) were 
placed a t e i th e r  end o f  a cover s l i p  (4 .0  x 9 .0  mm.); four cover
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s l ip s  were placed in each Porter tube. The t is s u e  cu ltures were 
removed and f ix ed  at the maximum height of growth usually  between 
three and f iv e  days fo llow ing cu ltu r in g . Seventy-four human lymph 
nodes cultured in v itr o  have been examined cytochem ically . Table 1 
i l lu s t r a t e s  the h istop ath o log ic  d iagnosis o f  these lymph nodes 
studied cytochem ically .
After removal from the Porter tubes, the cu ltures were pro­
cessed  in the fo llow ing  manner: Cultures were subjected without
f ix a t io n  to the acid  phosphatase (38) and plasmal (39) reactions;  
v i t a l  and supravita l (neutral red) preparations were examined for  
morphology with the phase microscope. Other cu ltures  were then 
f ix e d  in Baker's formol-calcium, absolute ethyl a lcohol and/or 
Carnoy's f lu id  for  12 to 18 hours. The formol-calcium f ixed  prepara­
tions were washed in water and sta ined  with Sudan black B for to ta l  
l ip id  ( 12) and N ile  blue s u lfa te  for neutral fa t  (1 3 ) .  The other 
f ixed  cultures were washed b r ie f ly  in absolute alcohol and allowed to 
dry. These preparations were examined for  a) mucopolysaccharides (18). 
sphingolip ids (?) (1 9 ) ,  unsaturated l ip id s  (?) ( 2 0 ) , and s a l iv a -  
l a b i l e  glycogen (18) by the periodic acid*-Schiff (PAS) reaction;  
b) desoxyribonucleoprotein by the nucleal reaction (13); and c) ribo­
nucleoprotein by ribonuclease d ig est io n  and to lu id in e  blue s ta in in g .  
Acetone f ix a t io n  (for  f iv e  minutes) was used prior to  exposing the 
t i s s u e  cu lture preparations to the a lk a lin e  phosphatase (15) and 
l ip a se  (15) react ion s.
TABLE 1 « N e o p la s t ic  and non~neoplastic  human lymph nodes 
cu ltu red  in  v i tr o  and examined cy toch em ica lly
D iagnosis  Number o f  Nodes
Non-neoplas t i c
Lymphadenitis 13
Reticulum C e ll  H yperplasia 10
Lymphoid H yperplasia  1
F o l l i c u la r  H yperplasia 1
Lymphoblas toma
Hodgkin*s D isease  17
Reticulum C e l l  Sarcoma 5
Lymphosarcoma 6
Lymphatic Leukemia 6
Acute Monocytic Leukemia 1
Giant F o l l i c u la r  Lymphoblastoma 2
M iscellaneous
Boeckf s Sarco id  2
I n fe c t io u s  Mononucleosis 2
Carcinoma 8*
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♦One contained  carcinoma c e l l s  in the outgrowth
Observations
In order to  f a c i l i t a t e  the comparison o f  the cytochem istry  and 
morphology o f  c e l l s  grown iji v i t r o  with those  observed in  t i s s u e  
s e c t io n ,  the nomenclature used in  our previous report (38) w i l l  be 
fo llo w ed . The c e l l  types to  be described  are a) f ib r o b la s t s ;  b) 
e longated  reticu lum  c e l l s ;  c) r e t i c u la r  c lasm atocytes;  d) c lasm ato-  
c y te s ;  e) round reticu lum  c e l l s ;  f) lymphocytes; and g) m odified  
reticu lum  c e l l s  o f  Hodgkin's d is e a s e ,  reticu lum  c e l l  sarcoma and 
Boeck's sa rco id .
The amount and type o f  c e l l u l a r  growth obtained from c u l t iv a t e d  
human lymph nodes appears to be a r e f l e c t i o n  o f  the c e l l u l a r  compo­
s i t i o n  o f  the in d iv id u a l node. The apparent growth i s  probably the 
r e s u l t  o f  the m igration  o f  c e l l s  from the t i s s u e  c l o t  s in c e  m ito t ic  
f ig u r e s  are rare . The amount o f  f ib r o b la s t i c  growth v a r ie s  d i r e c t ly  
with the amount o f  connective  t i s s u e  comprising the ca p su le  and 
invading the lymph node. Elongated reticu lum  c e l l s  are more numerous 
in  cu ltu r e s  from nodes e x h ib it in g  a reticu lum  c e l l  h yp erp lasia  
(Hodgkin's d is e a s e ,  reticu lum  c e l l  sarcoma, Boeck's s a r c o id ,  r e t ic u - -  
lum c e l l  and f o l l i c u l a r  hyperp lasia) than in  nodes having a l e s s  
ex te n s iv e  reticu lum  c e l l  hyperp lasia  (g ia n t  f o l l i c u l a r  lymphoblastoma, 
lymphosarcoma, lymphatic leukemia and lym p h ad en it is) .  The number o f  
r e t i c u la r  c lasm atocytes  and clasm atocytes are g e n e r a l ly  most numerous 
in  cu ltu re s  from nodes e x h ib it in g  reticu lum  c e l l  h y p erp la s ia .
The r ib on u cleop rote in  o f  the cytoplasm o f  the f ib r o b la s t  s ta in s  
f a i n t l y  metachromatic with to lu id in e  b lu e . Small su d a n o p h ilic ,  PAS- 
p o s i t iv e  and p la sm a l-p o s i t iv e  granules are d is t r ib u te d  in  small
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numbers throughout the cytoplasm although they are more numerous 
about the cytocentrum, A few n eu tra l f a t  d ro p le ts  are s c a t te r e d  
throughout the cytoplasm. Cytoplasmic gran u les ,  one to  two microns 
in d iam eter, are o c c a s io n a l ly  found in the cytoplasm o f  the f ib r o ­
b l a s t .  These granules are su d an op h ilic ,  P A S -p osit ive  and freq u en tly  
e x h ib it  a high a c id  phosphatase a c t i v i t y  ( /» £ / / / ) .  Both ac id  and 
a lk a l in e  phosphatase are demonstrable in  the cytoplasm ( /  -  ,
nucleus (///■  ** / / /* / )  and nucleolus .  In some in s ta n c e s ,  the
reg ion  o f  the cytocentrum e x h ib its  a higher acid  phosphatase a c t i v i t y  
than the remainder o f  the cytoplasm.
The cytochem istry  o f  the f ib r o b la s t s  grown in  v i t r o  and those  
seen  in  t i s s u e  s e c t io n  d i f f e r s  in  the fo llo w in g  r e s p e c ts :  1) l i p i d
d ro p le ts  are found in  f ib r o b la s t s  grown jyn v i t r o , but are r a re ly  
observed in  those s tu d ied  in t i s s u e  s e c t io n ;  2) a g r e a te r  amount o f  
sud an op h ilic ,  p la sm a l-p o s i t iv e  and PA S-positive  m a te r ia l ,  and a 
g r e a te r  phosphatase a c t i v i t y  are p resent in  the f ib r o b la s t s  o f  t i s s u e  
c u ltu r e  than in  those  stu d ied  in  t i s s u e  s e c t io n .
In comparison with the f ib r o b la s t s  the e longated  reticu lum  c e l l s  
are u su a l ly  sm a ller ,  l e s s  fu siform , and conta in  a more v e s ic u la r  
nucleus and more rounded n u c le o l i .  N eutral f a t  d ro p le ts  vary in  num­
ber and d is t r ib u t io n  from a few sc a t te r e d  throughout the cytoplasm to  
many lo c a l i z e d  a t  the d i s t a l  ends o f  the c e l l .  Su d an op hilic ,  p lasm al-  
p o s i t i v e  and P A S-posit ive  granules are d is tr ib u te d  d i f f u s e ly  in  the  
cytoplasm and are concentrated  near the cytocentrum. These granules  
are more numerous in the reticu lum  c e l l  than in  the f ib r o b la s t .  Acid  
and a lk a l in e  phosphatase a c t i v i t y  as w e l l  as the r ib on u c leop rote in
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con ten t in  the e longated  reticu lum  c e l l  i s  s im i la r  to th a t  in  the  
f ib r o b la s t ,  although a g rea ter  phosphatase a c t i v i t y  i s  noted in  
reticu lum  c e l l s  th a t  appear to be d i f f e r e n t ia t in g  in to  r e t i c u la r  
c la sm a to cy tes .  The e longated  reticu lum  c e l l s  grown ,in y i t r o  and 
those  noted in  t i s s u e  s e c t io n  d i f f e r  cy to ch em ica lly .  These d i f f e r ­
ences are the same as those descr ibed  fo r  the  f ib r o b la s t .
N eutral f a t  d ro p le ts  f i l l  the cytoplasm o f  the r e t i c u la r  c l a s ­
matocytes except in  the region  o f  the cytocentrum. T o lu id in e  blue  
s ta in s  the cytop lasm ic r ib on u c leo p ro te in  between the f a t  d ro p le ts  a 
lavender c o lo r  and th at o f  the cytocentrum, b lu e . A large  number o f  
f in e  sud an op h ilic ,  p la sm a l-p o s i t iv e  and P A S-positive  granules are  
l o c a l i z e d  in the reg ion  o f the cytocentrum, as w e l l  as being i n t e r -  
spersed  between the neu tra l f a t  d r o p le t s .  The a lk a l in e  phosphatase  
a c t i v i t y  o f  the r e t i c u la r  c lasm atocytes  i s  demonstrable in the cy to ­
plasm (J- -  j4/) , nucleus (sA// -  / / / / )  and nucleo lus  ( / / / / )  ; the region  
o f  the cytocentrum u su a l ly  has a h igher phosphatase a c t i v i t y  ( / /  —
/ / / )  than the remainder o f  the cytoplasm . Acid phosphatase has a 
d is t r ib u t io n  s im ila r  to that o f  the a lk a l in e  phosphatase although the  
cytocentrum e x h ib i t s  a g rea ter  ac id  than a lk a l in e  phosphatase a c t iv ity .
As the tr iangu lar-sh ap ed  r e t i c u la r  c lasm atocytes change in to  
sm all rounded c e l l s  w ith uneven cytoplasm ic contours and ir r e g u la r ly  
shaped n u c le i  (c lasm atocytes)  the cytocentrum becomes sm all and is  
u su a lly  obscured by the large  number o f  l i p i d  d ro p le ts  p resen t in  the 
cytoplasm. The amount o f  su d an op h ilic ,  p la sm a l-p o s i t iv e  and PAS- 
p o s i t iv e  g ra n u la t io n ,  and a c id  and a lk a l in e  phosphatase a c t i v i t y  i s  
u su a lly  g rea ter  w h ile  the cytoplasm ic r ib on u cleop rote in  content i s  
l e s s  in the c lasm atocytes  than in  the r e t i c u la r  c la sm atocy tes .
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R eticu la r  clasm atocytes and clasm atocytes grown in  v i tr o  d i f f e r  
from those examined in t i s s u e  s e c t io n  in  the fo llo w in g  resp ec ts :  1) 
those  grown in. v i t r o  conta in  more neutra l f a t  d r o p le ts ,  sudanophilic  
and p la sm a l-p o s it iv e  granules, and in most instances  the c u l t iv a te d  
c e l l s  e x h ib it  a higher phosphatase a c t i v i t y  than s im ila r  c e l l s  
s tu d ied  in t i s s u e  s e c t io n ;  2) c lasm atocytes and r e t i c u la r  clasmato­
cy tes  observed in t i s s u e  se c t io n  freq u en tly  e x h ib it  glycogen granu­
la t io n ;  however, glycogen has not been s a t i s f a c t o r i l y  demonstrated 
in  s im ila r  c e l l s  grown iji v i tr o  although a great amount o f  PAS- 
p o s i t iv e  m ateria l was present in  these c e l l s .
The s o -c a l le d  fore ign  body g ia n t  c e l l  i s  a phagocytic clasma-  
to c y te  which has engulfed nuclear fragments and even e n t ir e  c e l l s ,  
prim arily  lymphocytes. This c e l l  form i s  most prevalent in  cu ltu res  
o f  Hodgkin's lymph nodes and in some in stan ces  cu ltu res  from lymph 
nodes with reticulum  c e l l  sarcoma involvement, but may be found in  
both n eo p la st ic  and non -n eop lastic  lymph node c u ltu r e s .  The fore ign  
body g ia n t  c e l l  e x h ib its  cytochemical rea ct io n s  s im ila r  to those o f  
the sm aller clasm atocytes with the exception  o f  the n u c le a l -p o s i t iv e  
cytoplasm ic m ateria l (desoxyribonucleoprotein  o f  the phagocytized  
nuclear m a te r ia l) .  Only rare ly  have f ib r o b la s ts  and elongated r e t i c ­
ulum c e l l s  been found to contain phagocytized nuclear d e b r is .
Although round reticulum  c e l l s  are not prevalent in  t i s s u e  
C ultures, they e x h ib i t  morphologic c h a r a c te r is t ic s  c lo s e ly  resembling  
those noted in t i s s u e  s e c t io n .  Sudanophilic , p la sm a l-p o s it iv e  and 
PA S-positive granulation i s  more prominent in  the round reticulum  
c e l l  grown ,in v i tr o  than in  those stu d ied  in t i s s u e  s e c t io n .  These
44.
granules are found most frequently In the region o f the cytocentrum. 
Neutral f a t  droplets are absent. The phosphatase a c t iv i t y  and 
ribonucleoprotein content of the c u lt iv a te d  round reticulum c e l l s  
does not d i f f e r  appreciably from s im ila r  c e l l  forms studied  in 
t i s s u e  se c t io n .
Lymphocytes examined in t is su e  cu ltu re  show a va r ie ty  o f  
morphologic and cytochemical changes which r e f l e c t  impaired c e l lu la r  
metabolism and degeneration. Although i t  was p o ss ib le  to d is t in g u ish  
cytochem ically as w e ll  as morphologically between normal and abnormal 
lymphocytes in t is su e  s e c t io n ,  we have been unable to make th is
d is t in c t io n  fo llow ing in  v itr o  c u lt iv a t io n .
During .in v itr o  c u lt iv a t io n  the cytoplasmic granules o f  the 
lymphocyte become enlarged and occas ion a lly  increased in numbers as 
compared with those studied in moist v i t a l  preparations made from 
fresh lymph nodes. These granules are more sudanophilic, plasmal- 
p o s i t iv e  and PAS-positive than lymphocytes examined in imprints o f  
human lymph nodes; acid phosphatase is  occa s io n a lly  increased. The 
PAS-positive granules appear dark red, but are not a lte red  in th e ir  
s ta in in g  reaction by prior d ig est io n  with s a l iv a .
Frequently, the c e l l  outgrowths from nodes with Hodgkinf s
disease* reticulum c e l l  sarcoma and Boeckrs sarcoid  involvement 
reveal larger reticulum c e l l  forms than are gen era lly  seen in  other 
n eop lastic  and non-neoplastic  t is su e  c u ltu re s .  The reticulum c e l l  
population ex h ib its  both morphologic and cytochemical ch a r a c te r is t ic s  
described for the elongated reticulum c e l l ,  r e t ic u la r  clasmatocyte 
and clasmatocyte. C e lls  resembling r e t ic u la r  clasmatocytes generally
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occur in  g r e a t e s t  numbers; b in u c le a te  c e l l s  are freq u en tly  noted in  
th ese  outgrowths. The p r in c ip a l  cytochem ical d e v ia t io n  in  the  
Hodgkin's c e l l  forms i s  the g rea ter  number o f  cy top lasm ic l i p i d  drop­
l e t s  are compared with other n e o p la s t ic  and n o n -n eo p la stic  lymph node 
c e l l s  grown iri v i t r o .
M u ltin u cleated  c e l l s ,  most freq u en tly  observed in Hodgkin's  
c u l tu r e s ,  have an enlarged  cytocentrum where many f in e  sud a n o p h ilic ,  
plasmal—p o s i t iv e  and PAS—p o s i t iv e  granules l o c a l i z e ,  to lu id in e  blue 
s ta in s  the cytocentrum b lue . The p erip h era l portion  o f  the cy to ­
plasm conta ins  n eu tra l f a t  d r o p le t s ,  and a s c a t t e r in g  o f  sudanq- 
p h i l i e ,  p la sm a l-p o s i t iv e  and P A S-posit ive  granules; the cytoplasm i s  
co lored  a d e l i c a t e  lavender with to lu id in e  b lu e . The phosphatase 
a c t i v i t y  o f  th ese  c e l l s  i s  g r e a t ,  and much o f  the c e l l  morphology 
may be obscured fo llo w in g  the demonstration o f  these  enzymes; the 
g r e a t e s t  phosphatase a c t i v i t y  i s  lo c a l i z e d  in the region o f  the  
cytocentrum.
C u lt iv a te d  c e l l s  from nodes w ith  Hodgkin's d is e a s e  and 
reticu lum  c e l l  sarcoma involvement p resen t cytochem ical and morpho­
lo g ic  d i f fe r e n c e s  as compared w ith  c e l l s  o f  the same nodes s tu d ied  in  
t i s s u e  s e c t io n .  M orphologically  the m ajority  o f  c u l t iv a t e d  c e l l s  
appear to have a r ise n  from elongated  reticu lum  c e l l s  or c e l l s  in the 
e a r ly  s ta g es  o f  t r a n s i t io n  toward Hodgkin's c e l l s .  C e l l s  resembling  
t y p ic a l  Hodgkin's c e l l s  as seen  in  t i s s u e  s e c t io n  are rare . Cyto­
ch em ica lly  the c u l t iv a t e d  c e l l s  con ta in  g rea t  numbers o f  n eu tra l f a t  
d r o p le ts  in  c o n tr a s t  to the few f a t  d rop lets  seen in  Hodgkin's c e l l s  
in  t i s s u e  s e c t io n .  Sudanophilic , p la sm a l-p o s it iv e  and P A S-positive
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gran u lation  and a c id  and a lk a l in e  phosphatase a c t i v i t y  i s  u su a l ly  
g rea ter  in  the c u l t iv a t e d  c e l l s  than in those observed in t i s s u e  
se q t io n .  Although the c e l l s  grown in  v i t r o from nodes w ith  Hodgkin's 
d ise a s e  or reticu lum  c e l l  sarcoma d i f f e r  from c u l t iv a t e d  c e l l s  
obtained  from other n e o p la s t ic  and non—n e o p la s t ic  lymph nodes, i t  
has not been p o s s ib le  to  d ia g n o sis  these  two d is e a s e s  w ith  any 
degree o f  accuracy w ith  t i s s u e  c u ltu r e  t e c h n ic s .
As the c u l t iv a t e d  c e l l s  undergo degeneration , cytochem ical  
changes occur concom itantly . In the f ib r o b la s t s  and e lon gated  
reticu lum  c e l l s  these  a l t e r a t io n s  in c lu d e  a fu r th er  e la b o ra tio n  o f  
n eu tra l  f a t  d ro p le ts  fo llow ed  by a reduction  and gradual lo s s  o f  
phosphatase a c t i v i t y .  A decrease in a c id  phosphatase a c t i v i t y  i s  
the most n o t ic e a b le .  O c c a s io n a lly ,  b r igh t  red P A S -p osit ive  granules  
are formed in the cytoplasm o f  the degenerating c e l l s .  More advanced 
c e l l u l a r  degeneration has not been s tu d ie d  in th is  in v e s t ig a t io n  
excep t fo r  th a t  occurring in  the lymphocyte. As the lymphocyte 
undergoes d egen eration , the nucleus becomes v e s ic u la r  and lo s e s  i t s  
in te r n a l  s tr u c tu r e .  There i s  a complete disappearance o f  cytoplasm ic  
r ib on u c leo p ro te in  fo llow ed  by a lo s s  o f  phosphatase a c t i v i t y .  Cyto­
plasmic granules cannot be demonstrated by the Sudan b lack , plasmal 
and PAS te c h n ic s .  D esoxyribonucleoprotein  o f  the nucleus appears 
to decrease as the nucleus undergoes karyorrhex is .
D iscussion
The type o f  c e l l u l a r  growth r e s u lt in g  from in  v i tr o  c u l t iv a ­
t io n  o f  human lymph nodes by the tech n ic  employed appears to depend 
upon the c e l l u l a r  c o n s t i tu t io n  and the degree o f  "stim ulation" o f  
the various c e l l u l a r  elements o f  the lymph node. This g e n e r a l iz a t io n  
i s  based upon the fo llo w in g  ob serv a tio n s .  F i r s t ,  the number o f  mito­
t i c  f ig u re s  noted in  the t i s s u e  cu ltu res  has been very sm all.  Second, 
f ib r o b la s t i c  growth appears to be co rre la ted  with the degree o f  
f ib r o s i s  and amount o f connective t i s s u e  comprising the capsule o f  
the lymph node. Third, nodes e x h ib it in g  a reticulum  c e l l  hyperp lasia  
or a l t e r a t io n  u su a lly  produce an outgrowth o f reticulum  c e l l s ,  r e t i c ­
u lar  clasm atocytes and c lasm atocytes . I t  appears rather co n c lu s iv e ,  
th ere fo re ,  th a t the growth which occurs in the cu ltured  lymph nodes 
i s  a r e s u l t  o f  m igration and c e l lu la r  d i f f e r e n t ia t io n  ( i . e . ,  trans­
formation o f clasm atocytes from reticulum  c e l l s )  and i s  not dependent 
upon m ito t ic  a c t i v i t y .
Three types o f  t i s s u e  cu ltu re  outgrowths were obtained from 
lymph nodes involved with Hodgkin1s d is e a s e .  This observation  i s  in  
agreement with the work o f H oster, e t  a l . t (3 0 ) .  However, the types  
o f  growth p rev iou sly  described for  cu ltu res  from Hodgkin1s d isea se  
are not d ia g n o st ic  in  them selves, s in c e  non»iIodgkin1s lymph node c u l­
tures may produce s im ila r  growth p a tte r n s .  The r e t ic u la r  type c e l l s  
cu ltured  in v i tr o  from lymph nodes with Hodgkin1s d ise a se ,  reticulum  
c e l l  sarcoma and Boeck*s sarco id  involvement are larg er  than non­
n e o p la s t ic  e longated reticulum  c e l l s ,  r e t ic u la r  clasm atocytes and
clasm atocytes , although they e x h ib it  s im ila r  morphologic and c y to -  
chemical c h a r a c t e r i s t i c s .
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An impaired f a t  metabolism in human lymph node c e l l s  grown 
in v itr o  i s  s tro n g ly  suggested by our in v e s t ig a t io n .  This conclusion  
i s  based upon the e laboration  o f  f a t  d ro p le ts ,  an increase  in the 
number o f  l ip id  (phospholipid) and plasmologen granules and an 
increase  in the phosphatase a c t i v i t y  in  c u lt iv a te d  c e l l s  are com- 
pared with s im ila r  non-cultured lymph node c e l l s .  Previous to th is  
in v e s t ig a t io n ,  the concept o f  a fa u lty  f a t  metabolism in other types  
o f  c e l l s  c u lt iv a te d  jji v i tr o  was based primarily upon the elabora­
t io n  of r e f r a c t i l e  f a t t y  droplets  w ith in  the cytoplasm of the c u l­
tured c e l l s .
The occurrence o f  neutral f a t  droplets  in the cytoplasm o f  
human lymph node c e l l s  grown in  v itr o  appears to depend upon the 
p a rt ic u la r  c e l l  type stu d ied . Neutral f a t  droplets  are present in  
w idely variab le  numbers in the cytoplasm of nearly a l l  c u lt iv a te d  
lymph node c e l l s  w ith the exception o f  the round reticulum c e l l  and 
the lymphocyte. Although l ip id  droplets  are gen era lly  present in  
higher numbers in the c e l l s  c u lt iv a te d  from nodes involved with  
Hodgkin*s d ise a se ,  reticulum c e l l  sarcoma and lymphadenitis than 
from other n eo p la st ic  and non-neop lastic  lymph nodes, the s i g n i f i ­
cance o f  th is  observation remains obscure.
Plasmologen, present in high concentration in many c u lt iv a te d  
lymph node c e l l s ,  appears to have an important function  in  f a t  
metabolism and may occupy an interm ediate p o s it io n  in  the synth es is  
o f  neutral f a t  and phospholipid. Plasmologen has not been d etected  
in  the fa t  droplets  o f  c u lt iv a te d  lymph node c e l l s ,  although i t  
frequently  l o c a l i z e s  about the rim o f  the larger fa t  d ro p le ts .
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Mochel (40) noted a p la sm a l-p o s it iv e  rim about developing f a t  c e l l s  
and f a t  c e l l s  observed during s ta rv a t io n .  The absence o f  plasmolo­
gen in  the f a t  droplets  proper i s  in agreement with the work o f  
other in v e s t ig a to r s  o f  mammalian t i s s u e  (40 -44 ).  However, S h ifr in  
(45) has reported the occurrence o f  plasmologen in  the l i p i d  drop­
l e t s  o f  c e l l s  cu ltured  from mouse l i v e r .
I t  might be a n t ic ip a ted  that the phosphatases would occur in 
h ig h est  concentration in  the c e l l  forms which e x h ib it  changes sug­
g e s t iv e  o f  fa u lty  fa t  metabolism. The h ig h est  concentration  o f  
cytoplasmic phosphatase occurs in the region o f the cytocentrum 
where the g r e a te s t  number o f  sudanophilic and p la sm a l-p o s it iv e  gran­
u les  are lo c a l iz e d .  Because the cytocentrum has been considered as 
the s i t e  o f  c e l lu la r  metabolism and sy n th e s is ,  the phosphatases may 
p o ss ib ly  serve in the phosphorylation or dephosphorylation of c e l lu ­
la r  l ip id .  The ro le  o f  the phosphatases in nucleoprotein  synthesis  
and degradation i s  considered to be n e g l ig ib le  in the c e l l s  grown 
ip  v i tr o .  This concept i s  suggested by the fa c t  that the amount o f  
ribonucleoprotein  in the cytoplasm o f  c u lt iv a te d  c e l l s  i s  l e s s  or 
does not d i f f e r  appreciably from comparable c e l l s  stud ied  in t is s u e  
s e c t io n ,  even though an in crease  occurs in neutral f a t ,  phospholipid  
and phosphatase a c t i v i t y  in  the c u lt iv a te d  c e l l s .  I t  i s  o f  in te r e s t  
to note that l ip a s e  a c t iv i t y  could not be demonstrated in  lymph node 
c e l l s  s tudied  in  t i s s u e  cu lture  and t is s u e  se c t io n  with the technic  
employed.
The amount o f PAS-positive granulation present in  lymph node 
c e l l s  grown i n  v i tr o  i s  u su a lly  greater  than in  comparable c e l l s
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examined in t i s s u e  s e c t io n .  The s ig n if ic a n c e  of th is  observation  
i s  not c le a r ,  but c e l l s  containing a large number o f  PAS~positive 
granules gen era lly  e x h ib it  many l ip id  granules and d rop le ts .  I t  is  
not known whether th is  increase in PAS«positive m aterial i s  an 
in d ir e c t  r e s u lt  o f  an impaired metabolism o f  the mucopolysaccharide 
or i f  i t  i s  a secondary r e s u lt  o f  impaired fa t  metabolism. Although 
these PAS«positive granules may represent a l ip id  m aterial ( 19. 20) 
rather than a mucopolysaccharide, prior d ig est io n  with hot pyridine  
does not reduce the PAS r e a c t iv i ty  o f these granules. Bright red 
sa l iv a ~ r e s is ta n t  PAS«positive granules frequently found w ithin the 
t i s s u e  cu lture  c e l l s  e x h ib it  a co lor  reaction  and have a d istr ib u »  
tion  s im ilar  to that expected o f  glycogen. Therefore, these bright  
red s a l iv a « r e s is ta n t  PASwpositive granules may represent protein** 
bound glycogen.
I t  i s  probable that the majority o f  cytoplasmic granules 
have a complex chemical composition rather than being chemical 
e n t i t i e s .  In several in stan ces ,  the complex nature o f  cytoplasmic  
granules i s  c le a r ly  ev ident. F ir s t ,  lymphocyte granules are sudano- 
phi l i e ,  p lasm al«positive , PAS«positive and frequently  e x h ib it  a 
high acid phosphatase a c t iv i t y .  Second, f ib r o b la s ts  occas iona lly  
contain granules about the s iz e  of the neutral f a t  droplets which 
are sudanophilic, PAS*-*positive and ex h ib it  strong acid  phosphatase 
a c t iv i t y .
Cytochemical m o fif ica tio n s  take place w ithin  c e l lu la r  elements 
undergoing degeneration. L ip id  and PAS-positive granules and desoxy-  
ribonucleoprotein are among the l a s t  substances modified during
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c e l lu la r  degeneration. The most obvious changes are the accumu­
la t io n  o f l ip id  droplets and a decrease in phosphatase a c t iv i t y ,  
e s p e c ia l ly  acid  phosphatase.
Since l ip id  metabolism appears to be markedly a lte red  in c e l l s  
grown in  v i tr o , a b r ie f  d iscussion  of the findings o f  other in v e s t i ­
gators on the mechanism o f  l ip id  metabolism seems advisab le  in the 
evaluation o f our r e s u lt s .
According to Neuman (46) higher fa t ty  aldehydes may be 
involved in the conversion of carbohydrates to  f a t  by the l iv e r ;  
choline i s  necessary for  the normal phosphorylation o f  higher fa t ty  
aldehydes in the kidney and l iv e r ;  and l iv e r  aldehyde may be a pre­
cursor to l iv e r  phospholipid. Hayes (41) was unable to demonstrate 
cytochem ically any change in the plasmologen content o f  the adrenal 
cortex or l iv e r  o f  rats  subjected to choline d e f ic ie n t  d ie t s .  The 
absence o f  d ietary  choline or pyridoxine prevents the d ispersing o f  
synthesized f a t  ( fa t ty  l iv er )  by impairing the formation of phospho­
l ip id ,  Pyridoxine and fa t ty  acids act together in in flu en cin g  the 
l ip o tro p ic  action  o f  choline (4 7 ) .  Thiamin and pyridoxine are 
important in fa t  metabolism and may function in the conversion of  
carbohydrate to  f a t  (48); pyridoxine i s  e s s e n t ia l  for the synthesis  
o f  fa t  from protein  (4 9 ) .
In order to res to re  the fa t ty  l iv e r  of a rat to normal, the 
d ie t  must contain adequate amounts of ch o lin e , thiamin, r ib o f la v in ,  
pathothenic acid , pyridoxine, in o s i t o l  and corn o i l  (4 7 ) .  Chevremont 
( 50) observed that the addition o f  choline to t i s s u e  cu ltures w i l l  
cause a h i s to c y t ic  transformation in the c u lt iv a ted  c e l l s .  The e f fe c t
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o f  the B«complex vitamins on t i s s u e  c u ltu r e  growth i s  reported  as 
being n e g l i g i b l e ,  although i t  does seem to  in crea se  the lo n g e v ity  
o f  the cu ltu r e s  (5 1 ) .  Morgan, e t  a l . ,  (5 2 ) ,  using  a s y n th e t ic  
media, found no change in the growth ra te  nor in the su r v iv a l  time 
fo llo w in g  the ad d it io n  o f  v itam ins, although the c e l l u l a r  elements  
may have e x h ib ite d  a somewhat more h ea lth y  appearance than c e l l s  
grown in  media w ithout v itam in s. S in ce  h ep a t ic  c e l l s  con ta in  l ip a s e  
and no l ip a s e  a c t i v i t y  could be demonstrated cy to ch em ica lly  in  lymph 
node c e l l s ,  the  p o s s i b i l i t y  o f  a d i f f e r e n c e  in f a t  metabolism o f  
th ese  c e l l  forms i s  apparent.
Simms and S t il lm a n  (53) have descr ibed  four fa c to r s  in blood
plasma. Factor "A" i s  a growth stim u lan t and prevents the formation
of  f a t  d ro p le ts ;  fa c to r  "B" causes the formation o f  l i p i d  d ro p le ts ;
fa c to r  "C" produces c e l l u l a r  degeneration; and fa c to r  "D" in crea ses
the coh es iveness  o f  c e l l s .  S in ce  blood serum was used in  our in v e s -
t ig a t io n ,  a l l  four fa c to rs  would be expected to be p resen t and the
presence o f  fa c to r  "B" would r e s u l t  in  the e la b o ra t io n  o f  l i p i d
d r o p le ts .  Reiman, e t  a l . ,  C3D noted th a t  the formation o f  l i p i d
d ro p le ts  was g rea ter  in  n e o p la s t ic  and n o n -n eo p la stic  lymph node
c e l l s  grown in  v i t r o  when Hodgkin*s serum was s u b s t i tu te d  fo r  normal
human serum. These in v e s t ig a to r s  p o stu la te d  th a t the g r e a te r  number
o f  l i p i d  d rop lets  may be the r e s u l t  o f  a) an in crea se  in  fa c to r  "B"
o f  Simms and S t il lm a n  in  Hodgkin*s serum; b) a d e f ic ie n c y  or excess
o f  unknown m eta b o lite ;  c) a c e l l u l a r  d e f ic ie n c y  o f  l i p o l y t i c  enzyme;
or d) the presence o f  i n t r i n s i c  or e x t r in s i c  macromolecular p a r t ic le s
p e c u lia r  to the c e l l s  a l te r e d  by Hodgkin*s d ise a s e  and a r is in g  as a 
r e s u l t  o f  c e l l u l a r  d i s s o lu t io n .
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O u e  observations suggest  s tro n g ly  that the accumulation o f  
l i p i d  in many lymph node c e l l s  grown _in v i tr o  i s  due to the mecha­
nisms p ostu la ted  by Reiman, e t  a l D, (37) or perhaps to a d e f ic ie n c y  
in ch o lin e  or some o f  the members o f  the B-complex vitam ins in  the 
c u ltu r e  media. I t  i s  apparent that the more p r e c ise  information  
concerning the l i p i d  accumulation in  t i s s u e  cu ltu re  c e l l s  cannot be 
gained without the use o f  sy n th e t ic  media.
SUMMARY
1. The type o f  c e l lu la r  growth r e s u lt in g  from the in v i tr o  c u l t i ­
vation  o f  human lymph nodes appears to depend upon the c e l lu la r  
c o n s t i tu t io n  and the degree o f  "stimulation" of the various  
c e l lu la r  elements.
2 . Elongated reticulum  c e l l s  and r e t ic u la r  clasm atocytes occur in  
greater  numbers in cu ltures from nodes ex h ib it in g  n eo p la st ic
and non-neop lastic  reticulum c e l l  hyperplasia (Hodgkin*s d ise a se ,  
reticulum c e l l  sarcoma, Boeck*s sarco id , reticulum c e l l  and 
f o l l i c u l a r  hyperplasia) than from nodes having a l e s s  marked 
reticulum c e l l  hyperplasia (g ia n t  f o l l i c u l a r  lymphoblastoma, 
lymphosarcoma, lymphatic leukemia and lym phadenitis).
3* Marked cytochemical changes are induced in lymph node c e l l s  
fo llow ing  in. v i tr o  c u l t iv a t io n .  These changes include the 
elaboration  o f neutral fa t  d rop lets ,  l i p i d ,  plasmologen and 
PA S-positive granules and an increase  in acid and a lk a lin e  
phosphatase.
4. L ipid droplets  are g en era lly  present in  great numbers in  the 
c e l l s  grown from nodes with the h isto p a th o lo g ic  d iagnosis  o f  
Hodgkin’ s d ise a se ,  reticulum c e l l  sarcoma and lymphadenitis.
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CYTOCIIEMICAL CHANGES IN LYMPH NODES AND 
SPLEEN OF RAIS AFTER TOTAL BODY X RADIATION
A number o f  agents have been employed in  the treatment o f  the  
lymphoblastomas and leukemias. Lymphoid t i s s u e  appears to  be 
p a r t ic u la r ly  s e n s i t i v e  to  X ra d ia t io n  (54-58) T n itro g en  mustard 
(.59-60) T and t r ie th y le n e  melamine (60) , although on ly  s l i g h t l y  
a f f e c t e d  by aminopterin (6 1 -6 3 ) .  The mechanism o f  a c t io n  o f  th ese  
agents i s  l i t t l e  known. Few cytochem ical s tu d ie s  o f  the e f f e c t  o f  
th ese  agents upon the c e l l s  o f  the body have been undertaken, and 
even a sm aller  number have been ap p lied  to  changes in  hem opoietic  
t i s s u e .
The p resent study deals  c h i e f ly  with the cytochem ical a l t e r a ­
t io n s  o f  the lymph nodes and sp leen  in  the r a t  fo llo w in g  treatment  
with X ray and to  a l e s s e r  e x ten t  with n itrogen  mustard, t r i e t h y l ­
ene melamine and aminopterin.
M ateria ls  apd Methods
The sp leen  and c e r v ic a l  lymph nodes from a t o t a l  o f  127 
young adult  male a lb in o  ra ts  (Harlan s tra in )  were examined cy to ­
ch em ica lly .  A group o f  56 animals rece iv ed  a s in g l e  exposure o f  
600 r t o t a l —body-radia tion  (250 kv constant p o t e n t ia l ,  15 tna, 0 .5  mm 
Cu and 1 .0  mm A l, ta r g e t  d is ta n c e  100 cm, 2 4 .5  r /m in .)«  The 
animals were placed  a t  the periphery o f  a wooden w heel,  24 inches  
in  diam eter, which revolved  in  the beam a t  1 .3  r .p .m . In th is  
experiment, a dose o f  600 r to ta l-b o d y -r a d ia t io n  fo r  a period  o f  





6 animals were s a c r i f i c e d  a t each time in te r v a l  fo llo w in g  X r a d ia -  
t io n .  The lymph nodes and spleen  were removed a t  in te r v a ls  o f  
2 , 4 , and 12 hours and 1, 2 t 4 , 8 t 16, and 32 days fo llo w in g  X 
r a d ia t io n .  Ten animals not exposed to X ra d ia tio n  were used as 
c o n tr o ls .
Various chemotherapeutic agents including aminopterin  
(24 mg/kg), n itrogen  mustard (methyl«bis G^-chloroethyl) amine 
hydrochloride) (1 .8  mg/kg), and t r ie th y le n e  melamine (1 .8  mg/kg) 
were a lso  employed in dosage equ iva len ts  o f  an LD50 g rea ter  for  
the r a t .  Each agent was prepared in  s a l in e  immediately prior  to  
adm in istration  o f  a s in g le  in tr a p e r ito n e a l  in je c t io n  o f  each agent.  
T hirty—four, 29, and 8 animals r ece iv in g  aminopterin, n itrogen  mus« 
tard , and t r ie th y le n e  melamine, r e s p e c t iv e ly ,  were s a c r i f i c e d  at  
various time in te r v a ls  fo llow in g  in je c t io n  and the sp leen  and cer­
v ic a l  lymph nodes removed and examined cytochem ica lly .
T issu es  were f ix e d  in 80 per cent e th y l a lcoh o l fo r  14 hours,  
dehydrated and c leared  (95 per cent and absolute a lcoh o l and x y l o l ,  
1 hour each) and embedded in p ara ff in  (2 changes, o n e -h a lf  hour 
each) a t  57° C. S ec t io n s  4 micra th ick  were cut and mounted w ith in  
4 hours a f te r  the t is s u e s  had been embedded.
In the i n i t i a l  phase o f  th is  in v e s t ig a t io n ,  80 per cent  
a lco h o l and Zenker-formol were used as f i x a t i v e s .  However, the 
c r i t i c a l  time schedule o f  s ta in in g  t i s s u e s  compelled om ission of  
one f ix a t i v e .  A c a re fu l  eva luation  revealed  80 per cent a lcohol  
to  be s a t i s fa c t o r y  for  most aspects  o f  th is  in v e s t ig a t io n .  Although 
80 per cent a lcoh o l i s  not an id e a l  morphologic f i x a t i v e ,  i t  was
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p o ss ib le  to d is t in g u ish  c e l l  types in the lymph nodes and spleen  
with l i t t l e  d i f f i c u l t y  ( f i g .  3 ) .
T issu e  s e c t io n s  were examined for  the fo llo w in g  substances!  
desoxypentosenucleoprotein  was demonstrated by the n u c lea l  reaction  
(6 5 ) t and pentosenucleoprotein  by r ibonuclease  d ig e s t io n  and t o lu -  
id in e  blue technique. The p er io d ic  acidH Schiff r ea c t io n  (Jj§)„was 
used fo r  mucopolysaccharides although other substances are colored  
by t h is  rea ct io n  (6 9 ) ,
Protein-bound su lfh yd ry l groups were revealed  by the diazo  
technique o f  Barrnett and Seligman (6 6 ) . and by the fe r r icy a n id e  
technique o f  Chevremont and Frederic (6 7 ) .  The fe r r icy a n id e  
method i s  sa id  to  be n o n -sp e c if ic  s in c e  many substances besides  
su lfh yd ry l compounds reduce fe r r icy a n id e  (6 8 -7 0 ) .  The diazo  
technique o f  Barrnett and Seligman i s  considered to be the most 
s p e c i f i c  fo r  p ro te in —bound su lfh yd ry l groups in t i s s u e  (6 6 ) - 
Ethyl a lcoh o l (80 per cent) was found to preserve adequately the 
t h io l  groups when compared with s e c t io n s  f ix e d  in the t r ic h lo r o ­
a c e t ic  a c id -a lc o h o l  recommended by Barrnett and Seligman (6 6 ) .
A c a r e fu l  examination o f both techniques applied to s e c t io n s  o f  
lymph node and sp leen  o f  the ra t  y ie ld ed  comparable r e s u l t s .  The 
only exception  found was hemosiderin which reduced ferr icy a n id e ,  
but did not re a c t  by the diazo technique.
A lkaline phosphatase a c t i v i t y  was stud ied  by the Gomori 
technique (1 5 ) .  T issu es  were placed in  the a lk a l in e  phosphatase 
su b stra te  so lu t io n  e x a c t ly  24 hours a f te r  f ix a t io n  and incubated  
a t  37° C. for  18 hours in th is  s o lu t io n .  The s l id e s  were then
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washed thoroughly and placed in  cobalt  ch lor id e  for  e x a c t ly  5 
minutes, washed, and placed in  d i lu te  yellow  ammonium s u l f id e  
fo r  2 minutes. Sodium glycerophosphate and 5*»nucleotide were used 
as su b s tr a te s ,  although both y ie ld  s im ila r  r e s u lt s  in  se c t io n s  o f  
the lymph node and sp leen .
Certain objections have been ra ised  to the a lk a l in e  phospha- 
ta se  technique o f  Gomori. Long periods o f  incubation seem to pro-  
duce d if fu s io n  a r t i f a c t s ,  thus precluding true topographical 
l o c a l iz a t io n  o f  phosphatase a c t iv i t y  (68 ).  Coloration o f the 
nucleus i s  considered to r e s u lt  from absorption o f  calcium phos­
phate by the nucleus (68, 71, 7 2 ) ,  s in ce  biochemical s tu d ies  reveal  
that the nucleus possesses  only minimal a lk a lin e  phosphatase 
a c t i v i t y  (71 ).  In the present study, the o v e r a l l  co lo ra t io n  of  
the c e l l s  by the Gomori technique was considered to  be an in d ica­
t ion  o f  the a lk a lin e  phosphatase a c t iv i t y  o f  the c e l l  as a whole, 
with no attempt to d is t in g u ish  cytoplasmic or nuclear react ion .  
S l id e s  were incubated for periods o f  15 minutes to 24 hours. The 
only d if fe r e n c e  noted a f te r  various times o f  incubation was an 
increase  in the o v e r a l l  in te n s i ty  o f the co lora tion  of the whole 
se c t io n ;  no d ifferen ce  in lo c a l iz a t io n  w ithin  the se c t io n  or with­
in the c e l l  was noted. An incubation period o f  18 hours was thus 
chosen as the most adequate period because the more in ten se  reaction  
fo llow in g  such a long period o f  incubation allowed more p rec ise  
evaluation  o f  small d ifferen ces  in phosphatase a c t i v i t y .  Reprodu­
c ib l e  r e su lts  may be obtained by r igorously  co n tro lle d  experimental 
cond itions and cytochemical procedures. I t  is  p o ss ib le  to
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q u a n tita te  approximately on a plus-minus b a s is  the cytochem ical  
r e a c t io n s  by v is u a l  observation  o f the degree o f  s t a i n a b i l i t y  o f  
the t i s s u e ,
OBSERVATIONS
X r a d ia t io n  produced marked cytochem ical changes in  lymph 
nodes and sp leen  ( f i g s .  1-6) . These changes occurred very rap id ly  
and preceded the time when s tr u c tu r a l  a l t e r a t io n s  became d iscer n ­
i b l e .  The a lk a l in e  phosphatase re a c t io n  was dim inished a f t e r  X 
r a d ia t io n .  The r ea c t io n s  o f  protein-bound su lfh y d ry l groups and 
p en tosen u cleop rote ins  were a lso  decreased somewhat in the c e l l s  o f  
the lymph nodes and sp leen  w ith in  2 hours fo llo w in g  ir r a d ia t io n .  
Howevert a t  12 hours a f t e r  exposure the c e l l u l a r  phosphatase  
r e a c t io n  as w e l l  as the rea c t io n  o f su lfh y d ry l groups and p en to se -  
n u cleop rote in  were more in te n se  than in  the n o n -irra d ia ted  c e l l s .  
These r ea c t io n s  then remained increased  u n t i l  the fourth day a f te r  
ir r a d ia t io n ,  a t  which time the c e l l s  resembled untreated  con tro l  
t i s s u e s  in re sp ec t  to  th ese  e lem ents. A l l  c e l l s  o f  the ir r a d ia te d  
t i s s u e s  e x h ib ite d  the q u a l i ta t iv e  changes d escribed , although the  
in t e n s i t y  o f  the re a c t io n  d i f f e r e d  in  d i f f e r e n t  types o f  c e l l s .
Im tiL  Nodes
Lymphocytes o f  lymph nodes were p a r t ic u la r ly  s e n s i t i v e  to  X 
r a d ia t io n .  Two to 4 hours fo llo w in g  X r a d ia t io n ,  the lymphocytes 
ex h ib ited  marked diminution or complete lo s s  o f  th e ir  phosphatase  
a c t i v i t y ,  changing from approximately / / /•/  to zero or / .  There 
was a complete lo s s  in  the re a c t io n  fo r  p en tosen u cleop rote in ,  
changing from or £6 to  zero; the re a c t io n  for  su lfh y d ry l  groups
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a t  4 hours was s l i g h t l y  reduced, changing from about /4  to / .  
Morphologic s ign s  o f  c e l lu la r  degeneration and death (pyknosis ,  
karyorrhexis , k a ry o ly s is )  began between 2 and 4 hours and reached 
a maximum by 12 hours a f te r  X radiation,, Some lymphocytes 
e x h ib ited  a return o f th e ir  cytochemical reaction s  and appeared 
to  surv ive  th e ir  dosage o f  X r a d ia t io n ,  s in ce  a few lymphocytes 
were found in  a l l  lymph nodes examined fo llo w in g  r a d ia t io n .  No 
return o f  rea ct io n s  fo r  phosphatase, su lfh yd ry l or p en tosen u cleo-  
p rote in  occurred in  any o f  the lymphocytes that ex h ib ited  morpho­
lo g ic  s ign s  o f  degeneration. Those lymphocytes that appeared to be 
extremely s e n s i t iv e  to X ra d ia tio n  ex h ib ited  in most in stan ces  
i r r e v e r s ib le  cytochemical changes. Degenerating lymphocytes were 
phagocytized by clasm atocytes beginning w ith in  4 hours, and th is  
process was completed by 24 hours fo llo w in g  ir r a d ia t io n .  Phago­
c y t iz e d  and e x tr a c e l lu la r  nuclear fragments u su a lly  ex h ib ited  weak 
phosphatase rea ct io n ;  the n u clea l rea c t io n  appeared to in crease  in  
the degenerating n u c le i  due to  the condensation of chromatin. 
O ccas ion a lly ,  lymphocytes undergoing d is s o lu t io n  were found to  
e x h ib it  a few cytoplasm ic granules that were larger  and more 
s tro n g ly  p o s i t iv e  in  th e ir  p er iod ic  a c id -S c h i f f  react ion  than the 
granules o f  lymphocytes o f  normal untreated lymph nodes (7 3 ) .
The elongated r e t ic u la r  c e l l s  o f  the lymph nodes showed an 
i n i t i a l  decrease in  the in te n s i ty  o f  th e ir  phosphatase rea ct io n  
(y^ to  zero , / )  fo llow in g  X r a d ia t io n .  The in te n s i ty  o f  reaction  
fo r  pentosenucleoprotein  ( /  to zero) and su lfh yd ry l groups ( / /  
to / )  was a lso  diminished. In con trast  to the m ajority  o f
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lymphocytes, these  tra n sien t  cytochemical changes were apparently  
not le th a l  for  the elongated r e t ic u la r  c e l l s #  The i n i t i a l  decrease  
in  the cytochemical reaction  o f  the present s e r ie s  o f  t is s u e s  was 
fo llow ed by an in crease  in the reaction  for  pentosenucleoprotein  
( / / / )  t su lfhydryl groups (j^/t / / / )  , and a lk a lin e  phosphatase {444) 
u n t i l  the fourth day when the in te n s i ty  o f  reaction  returned to 
con tro l l e v e l s .  Concomitant with the increase  in  these reactions  
occurring in  the elongated r e t ic u la r  c e l l s ,  the s iz e  and number o f  
these c e l l s  in .th e  cortex  o f  the lymph node increased ( f i g s .  3, 4 ) .  
During the f i r s t  to fourth day fo llow ing  X rad ia tio n , an increase  
was observed in  the reactions for  a lk a lin e  phosphatase, pentose-  
n ucleop rote in , and su lfhydryl groups o f  the n u c le o l i  o f  the elon­
gated r e t ic u la r  c e l l s  and lymphoblasts, in addition  to an increase  
in the s iz e  o f  the n u c le o l i .
The q u a l i ta t iv e  changes in the cytochemistry o f  the plasma 
c e l l s  and clasm atocytes fo llow in g  X rad iation  were s im ila r  to the 
changes described fo r  the lymphocytes and elongated r e t ic u la r  c e l l s .  
The a lk a lin e  phosphatase, pentosenucleoprotein, and su lfhydryl  
reactions o f  the plasma c e l l s  changed from 444 or 4444 to 44 imme-I
d ia te ly  fo llow ing  ir r a d ia t io n ,  then increased to 4444'  by the f i r s t  
day and returned to  control l e v e l s  by the fourth day. The phospha­
ta se ,  su lfh y d ry l,  and pentosenucleoprotein reactions o f  the c la s ­
matocytes changed from 4 or 44 to zero or 4 w ithin 2 hours a f te r  
rad ia tion  and returned to contro l l e v e l s  or perhaps s l i g h t l y  
greater  than con tro l l e v e l s  by the end o f  the f i r s t  day.
Cytochemical and morphologic changes occurred in the w a lls  o f  
the small blood v e s se ls  in the lymph node, p a r t ic u la r ly  the small 
a r te r io le s  in  the c o r t i c a l  region o f  the lymph node. The endo­
t h e l i a l  c e l l s  o f  these v e s se ls  exh ib ited  a decrease in  reaction  
for  a lk a lin e  phosphatase, su lfhydryl groups, and pentosenucleopro— 
t e in .  M orphologically , the en d o th e lia l  c e l l s  appeared to be 
shrunken, the nucleus was sm aller , and the chromatin more con­
densed than in non-irradiated  en d oth e lia l  c e l l s .  The cytoplasm  
was granular, somewhat vacuolated, and irregu lar  in shape. These 
changes were e v id en tly  tr a n s ie n t ,  for  the v e s se ls  appeared to have 
r e -e s ta b l ish e d  th e ir  normal features  by the second day a f te r  
rad ia tio n . The blood v e s se ls  o f  the cortex o f  the lymph node 
seemed to have p r o l i fe r a te d  during stages  o f  recovery.
Spleen
The spleen  o f  irrad ia ted  rats  was reduced in s iz e  with 
decrease in  the amount of white pulp and increase in red pulp. The 
white pulp exh ib ited  cytochemical and morphologic changes s im ilar  
to those prev iously  described for  the cortex o f  the lymph node.
The number o f  lymphocytes in the red pulp was reduced and the 
clasm atocytes increased . The clasm atocytes were r icher  in alka­
l in e  phosphatase and su lfhydryl groups for 16 days a f te r  irra d ia ­
t io n ,  in con trast  to  the clasm atocytes o f  the cortex  and medulla o f  
the lymph node and white pulp o f  the sp leen , both of which showed 
only tra n sien t  increase  in clasm atocytes during the f i r s t  24 hours. 
The clasm atocytes o f  the red pulp showed an increase  in erythro­
c y t i c  phagocytosis and an increase  in  hemosiderin which changed
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from 4* to 444*4 w ithin  4 days fo llow ing exposure. Erythrocytic  
phagocytosis in the lymph nodes was s l i g h t .  The observed increase  
in the phosphatase and sulfhydryl reactions in the spleen follow** 
ing irra d ia tio n  was apparently due to the r e la t iv e  increase in  
the red pulp and the number o f  clasmatocytes as w e ll  as an actual 
increase in the cytochemical reactions within in d iv idu a l clasmato-  
c y te s .  Biochemical stud ies  CH) in d ica te  an increase in  a lk a lin e  
phosphatase a c t iv i t y  (with glycerophosphate and 5-nucleotide) in  
the spleen o f the mouse fo llow ing X rad iation .
Antileukemic Chemical Agents 
Cytochemical observations upon the cerv ica l  lymph nodes and 
spleen  o f the rat fo llow ing a s in g le  in jec t io n  of aminopterin, 
nitrogen mustard, and tr ie th y len e  melamine have revealed that no 
apparent cytochemical changes occur prior to d isc e r n ib le  morpho­
lo g ic  a l te r a t io n s .  In th is  experiment tr ie th y len e  melamine pro­
duced more damaging e f fe c t s  upon the lymph nodes and spleen than 
did nitrogen mustard; very few changes were noted e i th e r  morpho­
lo g ic a l ly  or cytochem ically fo llow ing aminopterin, although bone 
marrow destruction  appeared to be ex ten sive .  Lymphocytes were the 
only c e l lu la r  element o f these organs which appeared to be damaged 
by these chemical agents. Lymphocytes undergoing degeneration  
exhib ited  a decrease in th e ir  reactions for pentosenucleoprotein,  
a lk a lin e  phosphatase, and sulfhydryl groups. However, many lympho­
cytes  exh ib ited  neither morphologic nor cytochemical s igns o f  
degeneration. Clasmatocytes showed only a tran sien t increase in 
number and a c t iv e ly  phagocytized degenerating lymphocytes.
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Elongate r e t ic u la r  c e l l s  did not appear to be injured by the a n t i­
leukemic chfmical agents; in fa c t ,  between 1 and 4 days following  
the in jec t io n  o f  nitrogen mustard or tr ie th y len e  melamine these  
c e l l s  increased in  number and s iz e  and exhib ited  concomitantly an 
increase  in  the in te n s i ty  o f the reactions for pentosenucleopro­
t e in ,  a lk a lin e  phosphatase, and sulfhydryl groups. No other cyto­
chemical a lte r a t io n s  were observed in any o f  the other c e l lu la r  
elements o f the lymph nodes and spleen follow ing treatment with 
these chemical agents.
DISCUSSION
Cytochemical changes preceded morphologic a lte r a t io n s  in the 
c e l l s  o f  the lymph nodes and spleen follow ing X rad iation . The 
cytochemical changes occurred very rapidly and con sis ted  o f  a 
decrease in the in te n s i ty  o f reactions for pentosenucleoprotein, 
protein-bound sulfhydryl groups, and a lk a lin e  phosphatase. Although 
these a lte ra t io n s  were e s s e n t ia l ly  s im ilar  in a l l  c e l l s  o f  the 
lymph node and sp leen , lymphocytes appeared to be more su scep tib le  
to injury than other c e l l s  of these organs. A very large propor­
t ion  o f  lymphocytes and some plasma c e l l s  exhib ited  an ir r e v e r s ib le  
decrease in in te n s i ty  of th e ir  reactions for pentosenucleoprotein, 
sulfhydryl groups, and a lka line  phosphatase followed by morpho­
lo g ic  d is so lu t io n .  C e lls  o f  the lymph nodes and spleen which 
revealed no s igns o f  degeneration exhib ited  a tran sien t decrease  
followed by an increase  in  the in te n s i ty  of reactions for a lk a lin e  
phosphatase, su lfhydryl groups, and pentosenucleoprotein. No
changes were observed in the nucleal or periodic acid«<5chiff 
reactions follow ing X radiation .
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There i s  no c o r r e la t io n  o f  th e  degree o f  cytop lasm ic s ta in in g  
fo r  p en tosen u cleop rote in  o f  th e  c e l l s  o f  the lymph nodes and th ose  
o f  the sp leen . I t  would seem th a t  the con cen tra tion  o f  pentose­
n u cleop rote in  was not the major fa c to r  per se  in  determ ining a l l  
s e n s i t i v i t y  to  ir r a d ia t io n .
Follow ing X r a d ia t io n ,  the lymphocytes, e longated  r e t i c u la r  
c e l l s ,  and c lasm atocytes  reacted  d i f f e r e n t l y  in  comparison to  
lymphoblasts and plasma c e l l s .  The former showed on ly  weak reaction  
fo r  p en to sen u c leo p ro te in , whereas the lymphoblasts and plasma c e l l s  
were r ich  in  p en to sen u c leo p ro te in s .  Following X r a d ia t io n ,  the  
number o f  lymphocytes markedly decreased and the plasma c e l l s  
decreased  i n i t i a l l y ,  w h ile  the e longated  r e t i c u la r  c e l l s  and clasma­
t o c y te s  in crea sed . Lymphoblasts and many o f  the e lo n g a te  r e t i c u la r  
c e l l s  appeared to  transform in to  c la sm atocytes  soon a f t e r  X rad iation .  
The lymphocytes th a t ex h ib ite d  the most marked change in  t h e ir  
phosphatase rea ct io n  ( / / / /  to zero or / )  were r e a d ily  destroyed  by 
X r a d ia t io n ,  w h ile  e longated  r e t i c u la r  c e l l s  appeared to be radio­
r e s i s t a n t  and showed only  a s l i g h t  change in  t h e ir  phosphatase  
r ea c t io n  ( / /  to zero or / ) .  This ob servation  d i f f e r s  from th a t  o f  
Doyle (56) who observed th a t  the r a d io r e s is ta n t  r e t i c u la r  c e l l s  o f  
the caecum (appendix) o f  the rab b it  e x h ib ite d  r e l a t i v e l y  grea ter  
a lk a l in e  phosphatase rea ct io n  than th at  o f  the lymphocytes. He 
b e lie v e d  th a t  the lymphocytes were r e sp o n s ib le  fo r  only  a minor 
p ortion  o f  the t o t a l  phosphatase rea ct io n  in  the caecum (5 6 ) .  Using  
the 18-hour incubation  time o f  the p resen t in v e s t ig a t io n ,  lympho­
c y te s  appeared to  be important in  the  t o t a l  phosphatase rea ct io n  o f
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the lymph nodes o f  the r a t .  Doyle (56) noted l i t t l e  or no change 
in  the o v e r a l l  phosphatase rea c t io n  o f  the caecum o f  the rabb it  a t  
in te r v a ls  o f  8 hours, and 5 , 11, and 24 days fo llow in g  an exposure 
to 625 r total«body***radiation. In con tra st  to Doyle*s s tu d ie s ,  the 
r e s u l t s  o f  the present in v e s t ig a t io n  suggest that s tr ik in g  changes 
in the phosphatase rea c t io n  occur w ith in  2 hours, and th a t the over*-* 
a l l  rea c t io n  o f the lymph nodes and sp leen  returns to  and may exceed  
co n tro l l e v e l s  w ith in  12 hours a f t e r  X ra d ia t io n .  The m ajority o f  
lymphocytes degenerated and exh ib ited  an ir r e v e r s ib le  decrease in  
th e ir  phosphatase r e a c t io n ,  w hile  the elongated r e t ic u la r  c e l l s  
and a few lymphocytes ex h ib ited  a r e v e r s ib le  phosphatase react ion  
with an i n i t i a l  decrease fo llow ed  by an increase  in the r e a c t io n .  
These observations suggest  that c e l l s  that ex h ib ited  the g r e a te s t  
change in  th e ir  a lk a l in e  phosphatase react ion  immediately fo llow ing  
X rad ia tion  may be the most s e n s i t iv e  to ir r a d ia t io n .
A marked and r e l a t i v e l y  prolonged decrease in the phosphatase 
and su lfh yd ry l r ea c t io n s  in the c e l l s  o f  the lymph node and spleen  
suggest  an impairment o f  c e l lu la r  metabolism, in d ica t in g  damage to  
the c e l l  and impending c e l l  death i f  metabolism i s  e x te n s iv e ly  
a lte r e d .  An in c r e a se  in  the phosphatase, su lfh y d ry l ,  and pentose*** 
nucleoprote in  rea ct io n s  appears to r e f l e c t  an in crease  in the meta« 
bolism o f  the c e l l ,  co in c id in g  with c e l lu la r  regeneration  and pro** 
l i f e r a t i o n  fo llo w in g  X ra d ia t io n .
The morphologic changes observed in the lymph nodes and 
sp leen  fo llow in g  treatment with X r a d ia t io n ,  aminopterin, n itrogen  
mustard, and t r ie th y le n e  melamine were in agreement with the
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observations described by other in v est ig a to rs  (54«63), Cyto­
chemical changes were not as great fo llow ing treatment with the 
chemical agents as occurred fo llow ing X radiation  with the dosages 
given . No cytochemical changes were observed prior  to morphologic 
changes follow ing treatment with the chemical agents although cyto­
chemical d ifferen ces  did occur before morphologic a lte r a t io n s  
became apparent fo llow ing X rad ia tion .
Histochemistry has entered a phase characterized by c r i t i c a l  
analyses o f  the s p e c i f i c i t y  and v a l id i ty  of various methods employed 
for  the lo c a l iz a t io n  o f certa in  chemical e n t i t i e s  in c e l l s  and 
t i s s u e s .  A few of these points have been ind icated  for the methods 
employed in th is  in v e s t ig a t io n .  D ifferences  have been observed in 
the r e a c t iv i ty  o f the c e l l s  of the lymph node and spleen follow ing  
X radiation  using histochem ical methods. Although an actual  
increase or decrease in s p e c i f ic  substances or enzymatic a c t i v i t i e s  
may be questioned, i t  i s  obvious that some change or changes must 
occur in these t is su e s  in order to account for the d ifferen ces  in 
the w e ll -c o n tr o l le d  histochem ical react ion s.
SUMMARY
Marked cytochemical changes were observed in the c e l l s  o f  the 
lymph nodes and spleen o f  127 albino rats observed over periods of  
2 hours to 32 days fo llow ing  a s in g le  dose o f  600 r total-body-X  
rad ia tion . The in te n s i ty  o f  the cytochemical reactions for  pentose­
nucleoprotein , protein-bound sulfhydryl groups, and a lk a lin e  phos­
phatase decreased w ith in  2 hours a f te r  X rad iation . This decrease 
in the cytochemical reactions occurred very rapidly and preceded 
any d iscer n ib le  morphologic a l te r a t io n .  Lymphocytes that were 
extremely s e n s i t iv e  to X ray exh ib ited  in most instances irrever­
s ib l e  cytochemical changes. The c e l l s  that survived the le th a l  
e f f e c t s  o f  X radiation  exh ib ited  an increase  in in te n s i ty  o f  the 
reactions for  pentosenucleoprotein, protein  bound sulfhydryl 
groups, and a lk a lin e  phosphatase between 12 hours and 4 days fo llow ­
ing ir r a d ia t io n .  The reactions for  desoxypentosenucleoprotein and 
mucopolysaccharides were unaltered in the c e l l s  o f the lymph nodes 
and spleen fo llow ing X radiation .
EXP. 1C PLATE 1
F igure 1. -  A lk a lin e  phosphatase r e a c t io n  o f  Gomori in  the d i f f u s e  
lymphoid t i s s u e  o f  the c o r te x  o f  a lymph node o f  the normal a lb in o  
r a t .  Note the in te n se  r e a c t io n  o f  the c e l l s .  X 550.
F igure 2 . — A lk a lin e  phosphatase r e a c t io n  o f  Gomori in  the c o r tex  o f  
the lymph node o f  an a lb in o  ra t  2 hours a f t e r  600 r total~body-X  
r a d ia t io n .  Note the weaker phosphatase r e a c t io n ,  compared with the 
n on«irrad iated  co n tro l ( f i g .  1 ) .  X 550.
F igure 3. ~ A lk a lin e  phosphatase rea c t io n  o f  Gomori in  the co r tex  o f  
the lymph node o f  an a lb in o  rat 24 hours a f t e r  600 r to ta l-body-X  
r a d ia t io n .  There i s  a marked decrease in  the number o f  lymphocytes 
(L ) , and the r e t i c u la r  c e l l s  (R) appear to have p r o l i f e r a te d ,  com- 
pared w ith  the n o n -irra d ia ted  c o n tro l  ( f i g .  3 ) .  X 1200.
F igure 4 . -  A lk a lin e  phosphatase rea c t io n  o f  Gomori in  the sp leen  o f  
a normal a lb in o  r a t .  The red pulp e x h ib i t s  a strong r e a c t io n ,  
w h ile  the re a c t io n  i s  l e s s  in ten se  in the white pulp. X 60.
Figure 5. -  A lk a lin e  phosphatase re a c t io n  o f Gomori in  the sp leen  o f  
an a lb in o  rat fo l lo w in g  600 r  to ta l-body-X  r a d ia t io n .  Note the 
decrease  in  the a lk a l in e  phosphatase r e a c t io n  o f  the red and white  
pulp as compared with the n o n -irra d ia ted  co n tro l  ( f i g .  5 ) .  A 
decrease in  the a lk a l in e  phosphatase re a c t io n  o f  the small a r t e r ie s  
in  the w hite pulp compared w ith  f i g .  4 may a lso  be noted . X 60.
EXP. 1 C PLATE 1
DIFFERENTIAL CELL POPULATION OF THE LYMPH NODE AND SPLEEN 
OF THE ALBINO RAT FOLLOWING X RADIATION
i
D if f e r e n t ia l  c e l l  counts were performed upon the lymph nodes 
and spleen  o f  the Harlan s tr a in  a lbino ra t  exposed to 600 r t o t a l -  
body-X r a d ia t io n ,  an LD50/gQ for  the r a t .  These values were 
u t i l i z e d  in  confirming the v isu a l  observations on the c e l l  popula­
t io n  presented in  the morphologic and cytochemical study.
M aterials and Methods
C e llu la r  morphology was unusually w e ll  preserved in prepa­
rations s ta in ed  by the Gomori a lk a lin e  phosphatase technique. The 
c e l l  populations were determined sep arate ly  from each the cortex  
and medulla o f  the lymph node and the red and white pulp o f  the 
sp leen . Five microscopic f i e ld s  were counted in each h is t o lo g ic  
portion of these organs with an area to ta l in g  125,000 square 
microns. The values obtained from f iv e  contro l animals and f iv e  
animals s a c r i f i c e d  at each time in te r v a l  fo llow in g  X rad ia tion  
were averaged and are summarized in Tables 1 and 2.
Observations
The to ta l  number o f  c e l l s  in the lymph node were markedly
reduced in number fo llow in g  600 r total-body-X rad ia tion  (Table 1).
T e x t - f ig s .  1-3 g ra p h ica lly  i l l u s t r a t e  the gross c e l lu la r  changes
in  the cortex and medulla o f  the lymph node. The c e l l u l a r i t y  o f
the lymph node rap id ly  decreased, reaching the lowest values w ith in
12 hours a f te r  ra d ia t io n .  These values gradually began to increase  
by the eighth post rad ia tion  day and returned to w ith in  normal 
l im its  by the th ir ty -seco n d  day. Lymphocyte d estru ction  accounted
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almost e n t ir e ly  ibr the marked reduction  in  the c e l l u l a r i t y  o f  the
lymph node. Between 4 and 12 hours fo l lo w in g  ra d ia t io n  there  was a
c o n s id era b le  in crea se  in  the number o f  h ig h ly  phagocytic c lasm ato-  
c y te s  f i l l e d  w ith  nuclear  d e b r is .  At the end o f  24 hours th ese  c e l l s  
had almost e n t ir e ly  d isappeared . An in c r e a se  in  the number o f  
e lo n g a te  reticu lum  c e l l s  com prising the stroma o f  the lymph node 
c o r te x  was observed from the tw e lf th  hour to  the s ix te e n th  day fo llo w ­
in g  r a d ia t io n ,  although s im ila r  c e l l s  in the medulla ex h ib ite d  s l i g h t  
v a r ia t io n s  in  t o t a l  number. Plasma c e l l s ,  lo ca ted  almost e x c lu s iv e ly  
in  the medullary cord s , were in creased  between the f i r s t  and fourth  
day, fo llo w in g  a s l i g h t  i n i t i a l  d ecrease  in  t h e ir  number 4 to 12 hours 
a f t e r  r a d ia t io n .
Changes in  the w h ite  pulp o f  the spleen corresponded w ith  those  
noted in  th e  c o r te x  o f  th e  lymph node (Table 2 and t e x t - f i g s .  4 - 6 ) ,
w h ile  the red pulp showed a marked decrease  in  lymphocytes. Also
demonstrable at th is  time in  the red pulp was an e x te n s iv e  p r o l i f e r a ­
t io n  o f  phagocytic  c lasm atocytes  th a t contained  a con s id erab le  quanti­
ty  o f  hemosiderin, reached a peak on the second p o st  ra d ia tio n  day 
and returned to normal va lu es  by the th ir ty -se c o n d  day.
DISCUSSION AND SUMMARY
These data are e s s e n t i a l l y  in  agreement with the r e s u l t s  o f  
o th er  in v e s t ig a to r s  and with the v isu a l  observations presented  
e a r l i e r  in  t h i s  work. Hie marked s e n s i t i v i t y  o f  the lymphocytes to  
X ra d ia t io n  was confirmed. The presence o f  an in creased  amount o f  
destroyed  c e l l u l a r  m a ter ia l  appears to  a c t  as a stim ulus fo r  the  
in c r e a se  in phagocytic  c la sm atocy tes  soon a f t e r  r a d ia t io n .  The
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primary o r ig in  o f  the c lasm atocytes appears to  be from the e lon gate  
reticulum  c e l l s  o f  the stroma and the l i t t o r a l  c e l l s  o f  the lympha­
t i c  s in u se s ,  although some in d ic a t io n s  o f  the lymphoblast*s capa­
b i l i t y  o f  d i f f e r e n t ia t in g  in to  phagocytic c e l l s  was observed* The 
increased  phagocytosis  o f  ery th ro cy te s ,  p a r t ic u la r ly  in the sp len ic  
s in u s e s ,  suggests  that p o s s ib le  X ra d ia tio n  may have s e v e r e ly  dam­
aged the c ir c u la t in g  ery th ro cy te s .  The apparent in crease  in e long­
a te  reticulum  c e l l s  in the cortex  o f  the lymph node and white pulp 
o f  the spleen  was confirmed in t i s s u e  s e c t io n s ,  but the p o s s i b i l i t y  
o f  th is  occurring simply as a r e s u l t  o f  a reduction in the in tr a ­
c e l l u l a r  f lu id  must a lso  be considered . Morphologic s igns o f  the 
t r a n s i t io n  o f the e lon gate  reticulum  c e l l s  o f  the stroma in to  in te r ­
mediate lymphocytes and ra re ly  in to  lymphoblasts became apparent 
about the e ighth  p ost  rad ia tion  day.
The p o t e n t i a l i t i e s ,  growth and development o f the c e l l s  of  
the lymphatic organs may be stud ied  rather w e ll  by attem pting to 
destroy  these c e l l s  with various a gen ts ,  i . e 0 X r a d ia t io n ,  n itrogen  
mustard, tr ie th y le n e  melamine, and studying th e ir  regenerative  
p rop erties  and p o t e n t i a l i t i e s .  These f in d in gs  have been diagrama- 
t i c a l l y  i l l u s t r a t e d  in t e x t - f i g s .  1—6.
EXP. 1 C Table 1
DIFFERENTIAL CELL COUNTS ON THE CORTEX AND MEDULLA OF THE LYMPH 
NODE OF IHE ALBINO RAT FOLLOWING 600 r TOTAL BODY RADIATION
Cortex* Medulla* Total C ells in Cortex o and Medulla (ner 2-50-000 .u^_
R L C
Total 
C ells per9 
LB 125,000 u R L C P
Total 
C ells  per„ 
125.000 u^ R L C LB P
Total 
C ells  pero 
125.000 u
Control 137 2630 10 31 2808 126 1374 19 363 1882 263 4004 29 31 363 4690
4 hr. 137 2035 53 11 2236 147 1222 24 207 1600 284 3257 77 11 207 3836
12 hr. 273 605 137 23 1038 195 539 90 204 1028 468 1144 227 23 204 2066
1 day 716 541 18 8 1283 147 229 69 526 971 863 770 87 8 526 2254
2 day 557 626 14 16 1213 175 228 50 534 987 732 854 64 16 534 2200
4 day 590 510 31 7 1138 146 345 29 476 966 736 855 60 7 476 2134
8 day 647 868 8 13 1536 198 446 50 352 1046 845 1314 63 13 352 2582
16 day 242 1514 13 1769 142 993 13 334 1482 384 2507 26 13 334 3251
32 day 152 2295 7 2 2456 105 1199 31 369 1704 257 3494 38 2 369 4160
R s Elongate Reticulum C ell 
L s  Lymphocyte
C «  Clasmatocytes *These values are based upon to ta l  c e l l  counts
P ** Plasma Cell from 5 animals, 25,000 square micra from each
LB» Lymphoblast animal.
e x p .  i e Table 2
DIFFERENTIAL CELL COUNTS OF OHE WHITE AND RED PULP OF THE SPLEEN 
OF 1HE ALBINO RAT FOLLOWING 600 r TOTAL BODY RADIATION
White Pulp* Red Pulp*
Total C ells in White and 
Red PuId (Der 250.000 u )
R L C LB
Total 
C ells  pero 
P 125.000 u R L C
Total 
Cells per2 
P 125.000 u R L C LB P
Total 
C ells  per2 
125.000 u
Control 280 1855 5 55 0 2195 400 755 45 50 1250 680 2610 50 55 50 3445
4 hr. 280 1369 48 21 13 1731 242 387 144 9 782 522 1756 192 21 22 2513
12 hr. 548 558 101 15 0 1222 479 277 149 37 942 1027 835 250 15 37 2164
1 day 642 526 31 13 8 1220 265 149 233 101 748 907 675 264 13 109 1968
2 day 696 611 30 4 42 1383 242 152 276 47 717 938 763 306 4 89 2100
4 day 589 480 18 12 48 1147 252 80 166 69 567 841 560 87 12 117 1714
8 day 652 634 8 42 55 1391 432 170 103 35 740 1084 804 95 42 90 2131
16 day 459 1009 10 23 105 1596 338 308 127 27 800 797 1317 137 23 132 2396
32 day 317 1525 13 38 8 1900 292 620 20 42 974 609 2145 32 38 50 2874
R = Elongate Reticulum Cell 
L = Lymphocyte 
C = Clasmatocytes
P = Plasma Cells *These values are based upon to ta l  c e l l  counts from
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A STUDY OF THE MORPHOLOGY OF THE LIVING CELLS OF BLOOD 
AND BONE MARROW IN VITAL FILMS WITH THE 
PHASE MICROSCOPE
D i f f i c u l t i e s  in  obtaining m ultip le  human lymph node b iopsies  
from p atien ts  su ffer in g  from the various lymphomas and treated  with  
one of the antileukemic agents made a c r i t i c a l  study o f the e f fe c t s  
o f  these agents upon the cytochemistry o f  the c e l l  almost im possible.  
Therefore, i t  was deemed advisable to turn atten tion  to  a study o f  
the morphology and cytochemistry o f  the c e l l s  o f  the blood and 
bone marrow o f  man in both the normal and pathologic condition ,  
and fo llow ing treatment with the antileukemic agents.
The problem of the o r ig in ,  d i f f e r e n t ia t io n  and metabolism o f  
the c e l l s  o f  the hematopoietic system has long confronted the 
hem atologist. Observations of the normal c e l l s  o f  th is  system 
have been e f f e c t i v e l y  supplemented and augmented by a study o f  the 
various d iseases  of the blood-forming organs. The advent o f  new 
technics for  the study o f  the l iv in g  c e l l  and the lo c a l iz a t io n  of 
chemical substances w ithin the c e l l  provides important new to o ls  in 
the f i e ld  o f  morphologic hematology. The phase contrast  microscope 
permits the study o f the f in e  structure o f  the c e l l  in the l iv in g  
s ta t e .  Such stu d ies  o f  the morphology o f the c e l l  must serve as 
the foundation upon which cytochemistry must s tr iv e  for the 
lo c a l iz a t io n  o f chemical e n t i t i e s  w ith in  the c e l l .  C ellu lar  mor­
phology w i l l  continue to form the cornerstone upon which the hema­
t o lo g i s t  must r e ly  for d iagn osis ,  proper therapeutic management 
and evaluation o f  new modes o f  therapy.
I t  i s  the purpose o f th is  in v e s t ig a t io n  to characterize  
b r ie f ly  the c e l l s  o f  the blood and bone marrow in the normal con­
d it io n  and in  the various blood dyscrasias studied in v i t a l  film s  
with the phase contrast and bright f i e l d  microscopes. I t  is  
impossible to d iscuss  adequately a l l  o f  the varia tions occurring  
in each d isea se  process; therefore , only the more common variations  
from the normal pattern  w i l l  be presented and i l lu s t r a te d .
M aterials and Methods 
Fresh moist film s prepared by touching a clean co v e r s l ip  to 
a drop o f  blood or bone marrow and inverting  i t  upon a su p ra v ita l ly  
(neutral red and Janus green) prepared s l id e  were examined with the 
phase contrast  (American Optical Co., dark M, 97 X o i l  immersion 
objective) and bright f i e ld  microscopes. Normal peripheral blood 
was obtained from personnel in  the laboratory; bone marrow sp e c i­
mens were obtained from patien ts  with non-hematologic con d ition s ,  
including a r t e r io s c le r o s i s ,  e s s e n t ia l  hypertension and diabetes
I s o
m e ll i tu s .  Blood and bone marrow specimens were obtained^from
p a tien ts  su ffer in g  from various hematologic dyscrasias .
The c e l l s  o f  the blood and bone marrow have been c l a s s i f i e d
according to the p o lyp h le tic  doctrine of Cunningham, Sabin and
Doan. Morphologic descriptions are based upon phase microscopic
examination o f  these c e l l s  in supravita l as w ell  as unstained v i t a l
f i lm s .  The co lora tion  (sta in ing) o f  the cytoplasm and cytoplasmic
organelles  are described from supravita l film s fo llow ing  bright  




I .  Normal Blood and Bone Marrow
N eu trop h il ( f i g s .  1 -5 ) :  Upon immediate examination o f  m oist  f ilm s  
the n eu tro p h il  has a round contour w ith  w e l l - d e f in e d  cytop lasm ic  
borders and measures 12-18 u in  diameter* A ct iv e  amoeboid move­
ment begins w ith in  a few minutes as the c e l l  a d ju sts  to  i t s  new 
environment. A sm all c le a r  cytocentrum lo c a te d  near the c en ter  o f  
th e  c e l l  i s  encompassed by granules  and a lo b u la te d  or band—form 
n u c leu s .  The nucleus e x h ib i t s  a dense ir r e g u la r  chromatin p a ttern ,  
a th in  n u clear  membrane and f in e  chromatin f ila m en ts  which u n ite  
i t s  segmental lo b e s .  The cytocentrum and adjacent hyaloplasm  
e x h ib i t  a g r e a te r  v i s c o s i t y  and are o p t i c a l l y  l e s s  dense than the 
remainder o f  the hyaloplasm . The o r g a n e l le s  o s c i l l a t e  (Brownian 
e f f e c t )  to  and fro  w ith in  the r e l a t i v e l y  non-v iscous cytoplasm  and 
tend to  fo l lo w  the protoplasm ic flow  during the amoeboid a c t i v i t y  
o f  the c e l l .
The most numerous o r g a n e l le  o f  the n eu tro p h il  i s  a sm all 
( 0 .3  u) m oderately r e f r a c t i l e  ova l granule (A) which i s  co lo red  tan 
w ith  n eu tra l red. These granules u s u a l ly  l o c a l i z e  in  the p er ip h era l  
cytoplasm  w h ile  sm a ller  ( 0 .2 - 0 .2 5  u) sp h e r ic a l  or o v a l ,  l e s s  r e f r a c ­
t i l e  granules(B) con cen tra te  near the cytocentrum. The B granules  
s t a in  l e s s  in t e n s e ly  (p ink-tan) w ith n eu tra l red than the A g ra n u les .  
A sm all number o f  h ig h ly  r e f r a c t i l e  granu les  (C) measuring 0 .5  u in  
diam eter in  u n sta in ed  m oist  f i lm s  are s c a t t e r e d  throughout the  
cytoplasm  and have the c a p a c ity  to  seg reg a te  n eu tra l red in the
s u p r a v ita l  f i lm s .  With the se g r e g a t io n  o f  the dye th ese  granules
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(vacuoles) en large  in  s iz e  and change th e ir  s ta in in g  re a c t io n  from 
p a le  orange to  deep red. A few f in e  (0 .2  u) n o n -r e fr a c t i le  sp h er ica l  
mitochondria which f a i l  to s ta in  with Janus green are d ispersed  
throughout the cytoplasm o f  the n eu trop hil.
E osinophil ( f i g s .  6 -8 ):  The e o s in o p h i l ,  c lo s e ly  resembling the  
neutrophil in s i z e  and nuclear s tr u c tu r e ,  e x h ib its  a more s lu g g ish  
form o f  amoeboid a c t i v i t y  than the n eu trop h il.  E osinophil n u c le i  
are u su a lly  b ilobed  with a dense irr e g u la r  chromatin pattern  and a 
th in  nuclear membrane. R e la t iv e ly  large  h igh ly  r e f r a c t i l e  sp h er ica l  
or ovoid granules which vary in s i z e  (0 .2 5 - 0 .7  u) and co lo ra t io n  
(ye llow  or yellow-brown) with neutral red f i l l  the cytoplasm. Fre­
quently  sev era l granules may be d is t in g u ish e d  near the c le a r  cyto­
centrum which are only moderately r e f r a c t i l e  and s ta in  deep orange 
or red with neutral red. Many small ( 0 .2 - 0 .2 5  u) sp h er ica l  non- 
r e f r a c t i l e  mitochondria f a i l i n g  to s ta in  with Janus green are 
sc a tte r e d  throughout the cytoplasm o f  the e o s in o p h il .
Basophil ( f i g s .  9 -1 0 ):  The b asop h il ,  the sm a lle s t  o f  the granulo­
c y t e s ,  measures 10—14 u in  diameter and e x h ib its  a c h a r a c te r i s t ic  
s lu g g ish  type o f  m o t i l i t y  in  which the nucleus i s  advanced rather  
than cytoplasm ic pseudopodia as seen in  the neutrophil and e o s in o p h il .  
The basophil has a band or b ilobed nucleus with a dense irreg u la r  
chromatin p attern  and a th in  nuclear membrane. The granules are 
n o n -r e fr a c t i l e ,  o v a l ,  sp h er ica l or irreg u la r  in shape. They vary in  
s iz e  between 0 .3  and 0 .8  u and s ta in  pa le  pink to brick red with  
neutra l red. A few small ( 0 .2 - 0 .3  u) n o n -r e fr a c t i l e ,  non—sta in in g
ovoid mitochondria are sca ttered  d i f fu s e ly  throughout the cy to -  
plasm o f  the basophil.
Lvmphocvte ( f i g s 0 11-17) : The nucleus advances ahead o f  the cytoplasm
during the slow movement of the lymphocyte which begins w ith in  a few 
minutes a f te r  the preparation o f the moist f i lm . Lymphocytes have a 
round or ovoid contour with w e ll-d e fin ed  borders and a small amount 
o f  cytoplasm surrounding a s l i g h t ly  indented or oval nucleus. The 
nucleus has a dense coarse chromatin pattern with a prominent nuclear  
membrane and usually  contains a small nucleo lus. Several small 
(0 .4 -0 .  7 u) s l i g h t l y  r e f r a c t i l e  spherical granules which s ta in  deep 
red with neutral red lo c a l iz e  near the small nuclear hof and cyto­
centrum. A h ighly  r e f r a c t i l e  small non-staining l ip o id  droplet is  
seen occas ion a lly  in  the cytoplasm near the cytocentrum. Small non- 
r e f r a c t i l e  elongate (0 .4 -1 .5  u) or spherica l (0o2 - 0 . 5 u) blue-green  
s ta in in g  mitochondria are scattered  throughout the cytoplasm conc- 
centrating  near the nuclear hof. The perinuclear zone and cyto— 
centrum is  le s s  basoph ilic  and opaque than the remaining homogenous 
hyaloplasm.
Marked varia tions occur in  the morphology o f  the lymphocytes 
in peripheral blood which may r e f l e c t  the degree o f  c e l l  maturity. 
Younger c e l l  forms e x h ib it  a more ves icu lar  nucleus with more abundant 
and basoph ilic  cytoplasm containing a greater number o f  mitochondria 
and granules than the mature and older lymphocytes. C e ll  s iz e  per se 
does not appear to  be the most r e l ia b le  c r i t e r ia  for estim ating lympho­
cyte maturity although most intermediate and large  s ize d  lymphocytes 
are in the young age group as judged by the c h a r a c te r is t ic s  mentioned 
above.
Monocvte ( f i g s .  18—24) : Large f i l m - l i k e  pseudopods are s lo w ly  ex ten ­
ded from the d e l i c a t e  cytoplasm  o f  the monocyte during i t s  m o t i l i t y  
in  m oist  f i lm s .  The la rg e  oval or reniform  nucleus has a d e l i c a t e  
chromatin network, a th in  nuclear membrane and u s u a l ly  co n ta in s  one 
or two sm all n u c l e o l i .  Many sm all ( 0 .3 - 0 .6  u) n o n - r e f r a c t i l e  
s p h e r ic a l  or s l i g h t l y  ir r e g u la r  granules s ta in in g  orange—pink with  
n e u tr a l  red are s c a t t e r e d  throughout the cytoplasm  and tend to 
l o c a l i z e  near th e  nuclear  hof and cytocentrum. Monocytes in  u n sta in ed  
m oist  f i lm s  e x h ib i t  a few granules w ith in  th e ir  cytoplasm  which have 
a g rea ter  o p t ic a l  d e n s i ty  and are s l i g h t l y  la rg er  ( 0 . 4 - 0 . 6  u) than 
the granules p r e v io u s ly  d e sc r ib e d . These o r g a n e l le s  are capable o f  
se g r e g a tin g  n eu tra l  red in c r e a s in g  in  s i z e  ( 0 .7 —1 .3  u) and rep resen t  
the s o - c a l l e d  s e g r e g a t io n  vacuoles  c h a r a c te r iz in g  the monocyte 
s ta in e d  by the su p r a v ita l  tech n iq u e . The r o s e t t e  o f  vacuoles  seen in  
the monocytes o f  various laboratory  animals i s  not w e l l  d e l in e a te d  in  
the human monocyte. Many n o n -r e f r a c t i l e  small ( 0 .2 - 0 .3  u) s p h e r ic a l  
m itochondria are s c a t t e r e d  d i f f u s e l y  throughout the  cytoplasm  and 
s t a in  green -b lu e  w ith  Janus green . O cca s io n a lly  s e v e r a l  sm all ( 0 . 6 -  
0 . 9  u) c le a r  non—s ta in in g  sp h e r ic a l  areas may be seen  in  the hyalo­
plasm o f  the monocyte in  u n sta in ed  m o is t ,  su p r a v ita l  and Wright*s  
s ta in e d  f i lm s .  An in c r e a se  in  the c o n tr a s t  o f  the various o r g a n e l le s  
occurs during s u p r a v ita l  s ta in in g  w ith out a l t e r a t io n  in  morphologic  
c h a r a c t e r i s t i c s  (w ith  the excep tio n  o f the cytop lasm ic  v a c u o le s ) .  
V aria t ion s  in  the morphology o f  the monocytes in  p e r ip h era l  blood  
may be a t tr ib u te d  to  d i f f e r e n c e s  in the age o f the c e l l .  The o ld er  
monocytes have deep ly  indented n u c le i ,  more abundant, l e s s  b a so p h i l ic
cytoplasm with fewer mitochondria and more numerous cytoplasm ic gra­
nules and vacuoles than the young monocytes,
Mveloid C e lls  ( f i g s ,  25—36) :  The e a r l i e s t  neutrophil p rogen itor , the 
myelocyte A, found in normal bone marrow, i s  a round or ovoid c e l l  
measuring 14-20 u with a la r g e ,  s l i g h t l y  indented or oval nucleus 
p o ssess in g  a d e l i c a t e  chromatin network, a th in  nuclear membrane and 
se v e r a l  (2-5) small oval n u c le o l i .  The cytoplasm i s  homogenous, 
moderately opaque (phase microscope) and has a c le a r  yellow -gray  
appearance (b r ig h t  f i e l d ) .  Small ( 0 .2 - 0 .3  u) sp h er ica l  n o n -r e fr a c t i le  
mitochondria which s ta in  pale  green-b lue (Janus green) are sca tte r e d  
throughout the cytoplasm and concentrate  near the nuclear h o f .  One 
to  twenty small ( 0 .3  u) sp h er ica l deep r e d -s ta in in g  granules lo c a l i z e  
about the cytocentrum. A more p r im it iv e  p o te n t ia l  granulocyte , the  
m y elo b la st ,  e x h ib its  the same morphologic c h a r a c te r is t ic s  as the 
myelocyte A, except that i t  i s  devoid o f  granules and r a re ly  seen in  
the bone marrow.
The number o f  granules and the physica l s t a t e  (g e l  or so l)  o f  
the cytoplasm serve as the most r e l i a b l e  index for  estim ating  the  
degree o f  maturation o f  the myeloid c e l l s .  Following the myelocyte  
A stage  the c e l l  i s  designated  as a myelocyte B u n t i l  i t  contains a 
f u l l  complement o f  granules when i t  i s  then termed myelocyte C. As 
the granules begin to e x h ib it  Brownian motion the c e l l  i s  considered  
a metamyelocyte reaching the mature form with the i n i t i a t i o n  of 
amoeboid motion and the formation o f a banded or lob u la ted  nucleus.
The neutrophil enlarges during the f i r s t  part o f  i t s  develop­
ment, a t ta in in g  i t s  maximum s iz e  (16-27 u) a t  the mid B myelocyte
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l e v e l  and then d ecrea ses ,  reaching i t s  adult s i z e  during the meta-  
myelocyte or band-form s ta g e .  As the nucleus en larges i t  assumes an 
indented contour w ith  a th inning o f  the nuclear membrane, a conden- 
s a t io n  o f  the chromatin network and a diminution in  number and s iz e  
o f  the n u c le o l i .  The mitochondria are reduced in number and a l t e r  
t h e ir  s ta in in g  p rop erties  with Janus green , changing from a l i g h t  
green-b lue to a deeper b lue-green  and u su a lly  lo se  th e ir  s ta in in g  
cap a c ity  during the myelocyte C and metamyelocyte s ta g e s .  As the 
cytoplasm ic granules increase  in  number th e ir  co lo r a t io n  with neutral  
red changes from dark red to orange-brown, appearing yellow-brown 
and tan a t the myelocyte C and metamyelocyte s ta g e s .  The granules  
form near the cytocentrum and enlarge ( 0 .3 - 0 .7  u) s l i g h t l y  as they 
are forced p e r ip h era lly  by the newly elaborated  granu les. The type  
A, B, and C granules o f  the neutrophil may be d is t in g u ish e d  during 
the middle and la t e  portion  o f  the myelocyte B s ta g e ,  although th e ir  
c o lo r a t io n  with neutral red suggests  a more a c id ic  nature o f  the 
granules in  th ese  immature c e l l s .
Developing basophils  and eo s in o p h ils  d i f f e r  from the adult c e l l s  
in the fo llow in g  ways. Mitochondria are s ta in a b le  with Janus green  
in  the young c e l l s  and are unstained  in the mature c e l l s .  The cyto— 
centrum i s  larg er  in the eo s in o p h il  and basophil myelocytes than in  
the mature forms. E osinoph il myelocytes contain  a greater  number o f  
red s ta in in g  granules near the cytocentrum and a lso  have larger  
h igh ly  r e f r a c t i l e  granules in  the periphery o f  the cytoplasm than 
the adult  c e l l .  Basophil myelocytes are sm aller than the c e l l s  o f  
the neutrophil and eo s in o p h il  s e r i e s .  In other resp ects  the general
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morphologic changes occurring in  the developing e o s in o p h ils  and 
basophils  correspond with those described  for  the n eu trop hil,
Ervthroid S e r ie s  ( f i g s ,  37 -43):  The e a r l i e s t  erythrocyte  progen itor ,
the e a r ly  ery th ro b la st ,  found in  normal bone marrow i s  a large  c e l l  
(18-24 u) with a round or oval nucleus, extremely v e s ic u la r  chro-  
matin network and a th in  nuclear membrane. I t  contains severa l  
round or irreg u la r  n u c le o l i  which vary in  s iz e  and o p t ic a l  d en s ity .
A few small ( 0 ,3 - 0 . 6  u) sp h e r ic a l ,  n o n -r e fr a c t i le  granules s ta in in g  
deep orange-red with neutral red lo c a l i z e  near the cytocentrum and 
may form a r o s e t t e  pattern  about the centrosphere. Spherica l or 
s l i g h t l y  e lon gate  (0 . 2- 0 . 4  u) n o n -r e fr a c t i le  mitochondria which 
co lo r  l i g h t  green—blue with Janus green and are l e s s  dense o p t ic a l ly  
than the cytoplasm ic granules concentrate about the nucleus and c y to -  
centrum. The cytoplasm i s  deeply b a so p h il ic ,  ex h ib it in g  a y e llo w -  
gray c a s t  under b r igh t f i e l d  microscopy w h ile  hemoglobin which f i r s t  
appears about the cytocentrum has a more deep yellow  c o lo r .  These 
two substances cannot be r e a d ily  d i f f e r e n t ia te d  with phase microscopy.
The hemoglobin content o f the developing erythroid  c e l l s  varies  
in v e r se ly  with c e l l  s iz e  and cytoplasm ic b a so p h il ia .  The large  ear ly  
ery th ro b la st  conta in ing  only a f a in t  trace  o f  hemoglobin develops  
in to  a l a t e  ery th ro b la st  as the hemoglobin content increases  and 
the s i z e  i s  reduced to  between 14 and 20 u. The c e l l  i s  c l a s s i f i e d  
as a normoblast when i t  measures l e s s  than 14 u and has a high hemo­
g lob in  content. During the maturation the nucleus decreases in  s i z e ,  
the chromatin becomes coarse and more compact and the nuclear mem­
brane becomes th ickened. Mitochondria assume an e lon gate  contour,
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enlarge s l i g h t ly  ( 0 .3 - 0 .5  u) , s ta in  more deeply with Janus green 
and gradually decrease in number as the c e l l  becomes more mature.
Only a few mitochondria and cytoplasmic granules remain w ithin  the 
c e l l t r e t ic u lo c y te ,  fo llow ing  the extrusion o f  the pyknotic nucleus 
from the normoblast. These organelles  soon disappear and the ery -  
throcyte reaches i t s  adult form.
Megakaryocyte ( f i g .  48): The megakaryocyte which may reach 80 u in
diameter possesses  an irregu lar  cytoplasmic contour, a large lobu-  
la te d  nucleus with a coarse chromatin pattern and a th in  nuclear  
membrane. The cytoplasm i s  packed with granules and mitochondria, 
g iv in g  a ground g la ss  appearance to the cytoplasm. The mitochondria 
are n o n -r e fr a c t i le  and rarely  s ta in  with Janus green. P la t e le t s  
appear to be a c t iv e ly  formed from the fragmentation of the p er i­
pheral portions o f  the cytoplasm of the megakaryocyte. The cyto­
plasmic granules are s l i g h t ly  larger than the mitochondria, 
moderately r e f r a c t i l e  and infrequently  s ta in  with neutral red.
P la t e le t s  are ovoid or irregu lar  in contour and u su a lly  measure 
between 2-7 u in  diameter. A small number o f  f in e  ( 0 .2 -0 .3  u) non- 
r e f r a c t i l e ,  non-sta in ing mitochondria and one to severa l larger ( 0 .3 -  
0 .7  u) moderately r e f r a c t i l e  granules which frequently s ta in  with 
neutral red may be d ist in gu ish ed  w ithin the p la t e l e t .
Plasma C e ll  ( f i g .  44): The plasma c e l l  measures 16-20 u in  diameter, 
is  non-motile and has an ovoid contour. The nucleus i s  e c c e n tr ic a l ly  
placed w ithin  the c e l l  and has blocks o f  chromatin aggregated about 
the thin nuclear membrane and near the center o f  the nucleus. The 
cytocentrum and surrounding hyaloplasm i s  le s s  opaque and basophilic
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than the p erip h era l deeply  b a so p h i l ic  hyaloplasm. M itochondria and 
cytop lasm ic granules form a large  r o s e t t e  about the cytocentrum o f  
the plasma c e l l .  Mitochondria are n o n - r e f r a c t i l e ,  sp h e r ic a l  to  
f i l l i f o r m  in  shape (0 . 2- 1. 5  u in  length) and s ta in  b lu e-green  with  
Janus green . The cytop lasm ic granules are sp h e r ic a l  ( 0 .3 - 0 .7  u ) , have 
a g rea ter  o p t ic a l  d e n s i ty  than the mitochondria and s ta in  orange-red  
w ith n eu tra l red . A sm all ( 0 .7  u) h ig h ly  r e f r a c t i l e ,  non—s ta in in g  
l ip o id  d ro p le t  i s  seen freq u en tly  in the cytoplasm o f  the  plasma 
c e l l  near the centrosphere .
Clasmatocyte ( f i g s .  45-46) : The c lasm atocyte  i s  a ra ther  large  c e l l
(19 -30  u) with ir r e g u la r  i n d i s t i n c t  cytoplasm ic borders, a v e s ic u la r  
oval nucleus with a th in  nuclear membrane and one or two small 
i n d i s t i n c t  n u c le o l i .  The cytoplasm has a granular appearance and 
i s  f i l l e d  with amorphous d e b r is ,  in c lu d in g  p l a t e l e t s ,  ery th rocytes  
and leu k o cy te s ,  which vary in  s i z e ,  shape and c o lo r a t io n  (orange, 
pink or red) w ith neutra l red as a r e s u l t  o f  p a r t ia l  enzymatic d ig e s ­
t io n .  The c lasm atocyte  conta ins  a few sp h e r ic a l  ( 0 .2 - 0 .3  u) mito­
chondria which are extremely d i f f i c u l t  to  d i f f e r e n t i a t e  in the cy to ­
plasm due to  th e ir  f a i lu r e  to s ta in  with Janus green and the large  
q u a n t i t ie s  o f  amorphous m a te r ia l .  I n t r in s i c  cytop lasm ic granules  
( 0 ,3 - 0 . 6  u) are presen t but cannot always be d is t in g u ish e d  from the  
phagocytized m a ter ia l .
E n d o th e lia l  C e ll  ( f i g ,  47): E n d o th e lia l  c e l l s  o c c a s io n a l ly  seen in
the bone marrow specimens are large  e lon gate  (40—60 u) , non-m otile  
c e l l s  w ith  i n d i s t i n c t  cytoplasm ic borders and an oval n u c leu s .  The 
nucleus i s  e c c e n t r i c a l ly  p laced w ith in  the c e l l  and has a d e l i c a t e
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chromatin network, a w e l l -d e f in e d  nuclear membrane and u su a lly  con­
ta in s  a large number o f  mitochondria and small granules; the cyto­
centrum i s  small and in d is t in c t , ,  Mitochondria are n o n -r e fr a c t i le  
with a sp h er ica l or elongate (0 . 2- 0 . 5  u) contour and u su a lly  f a i l  
to  s ta in  with Janus green. The granules s ta in  orange-brown or tan 
with neutral red and are r e la t iv e ly  n o n -r e fr a c t i le  and sph er ica l  
(0 .2 5 -0 .7  u) in  shape. A few h igh ly  r e f r a c t i l e  n on-sta in ing  l ip o id  
drop lets  (0 . 5 - 1 .2  u) are sca ttered  throughout the cytoplasm o f  the 
en d o th e lia l  c e l l .
Table 1 summarizes the c h a r a c te r is t ic s  o f  the c e l l s  o f  normal 
blood and bone marrow studied  with the phase and bright f i e l d  
microscopes employing sup rav ita l and unstained v i t a l  f i lm s .
I I .  Blood and Bone Marrow 
From Various Hematologic Dyscrasias
Supravita l f ilm s examined under phase contrast and bright  
f i e l d  microscopes provide an e x c e l le n t  method for  the morphologic 
ch a ra cter iza t io n  o f  the c e l l s  o f  the blood and bone marrow in the 
normal and d iseased  con d ition . A number of morphologic d ifferen ces  
e x i s t  between the c e l l s  o f  the normal blood and bone marrow and 
those o f  acute and chronic leukemias, although the basic  morphologic 
and developmental patterns are q u ite  s im ila r .  Leukemic c e l l s  
ex h ib it  c h a r a c te r is t ic s  o f  immature c e l l s  and a number o f  varia tion s  
p rev a il  in the s tru c tu ra l  patterns which permit the d i f f e r e n t ia t io n  
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Leukemic c e l l s  tend to be larger in  s i z e ,  have a r e la t iv e ly  
la r g e r ,  more v e s ic u la r  nucleus with a th in  nuclear membrane and 
u su a lly  possess  a greater  number o f  n u c le o l i .  The r e la t iv e  larger  
s i z e  o f  the n u c le o l i  and "nucleolar a sso c ia ted  chromatin" in  the 
leukemic c e l l s  i s  co rre la ted  with the increase  in  cytoplasm ic and 
nu cleo lar  b a so p h il ia .  The cytocentrum i s  u su a lly  larger in  leukemic 
c e l l s ,  p a r t ic u la r ly  during the growing phase as the c e l l s  increase  
in  s i z e  and e laborate  cytoplasmic granules. The cytoplasmic  
o r g a n e l le s ,  in most in s ta n ces ,  do not appear to d i f f e r  from th e ir  
normal morphologic pattern and co lo ra t io n  with v i t a l  dye. The 
number o f  mitochondria i s  increased in the younger forms o f  leukemic 
c e l l s  and decreases as the c e l l  matures. Frequently an increased  
amoeboid a c t i v i t y  as w e ll  as an irreg u la r  cytoplasmic contour is  
observed in leukemic c e l l s ,  e s p e c ia l ly  in  the more mature forms.
Leukemic c e l l s  o f  m yelocytic leukemia ( f i g s .  1*-11, 13«15) 
present severa l ad d ition a l morphologic features which d i f f e r  from 
the normal pattern that tend to in d ica te  an a l te r a t io n  in  the for«  
mation and development o f  th e ir  cytoplasmic granules. During the 
ea r ly  myelocyte s tage  neutrophils and basophils e x h ib it  larger  
granu les, whereas the eosinophil granules are s l i g h t l y  sm aller and 
l e s s  r e f r a c t i l e .  In addition  there i s  a tendency for the cytoplasmic  
granules to aggregate near the cytocentrum during the rapid growth 
phase o f  the n eu trop h ilic  B myelocyte. Mature neutrophils  e x h ib it  
an in crease  in  amoeboid a c t iv i t y  and frequently  have a d e f ic ie n c y  in  
the number o f  cytoplasm ic granules. There i s  a tendency for the 
neutrophils  to form a lobed nuclear contour during the l a t e  B and C
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m yelocyte s ta g e .  B asoph ils ,  in most in s ta n c e s ,  develop a c r e sc e n t ic  
or r ing  form nucleus during the f in a l  s tages  o f  maturation and have 
a more irreg u la r  cytoplasm ic contour than i s  observed in  normal 
b a so p h ils .  Adult eo s in o p h ils  d i f f e r  l i t t l e  m orphologically  from 
the normal c e l l  form.
Lymphocytes seen in  lymphocytic leukemia ( f i g s .  17-19) are 
u su a lly  rather small in  s iz e  and possess  a denser clumped chromatin 
p attern . The hyperchromatic appearance o f  the nucleus i s  dependent 
upon the in crease  in "nucleolar a sso c ia ted  chromatin" and in the  
number o f  n u c le o l i .  The number o f  mitochondria and cytoplasm ic  
g ra n u les ,  as w e l l  as the degree o f  cytoplasm ic b a so p h il ia ,  i s  
grea ter  in leukemic than in  the normal mature lymphocytes. Thus 
the morphologic c h a r a c t e r i s t ic  o f  the leukemic lymphocytes corre­
sponds with the g en era lized  d escr ip t io n  o f  leukemia c e l l s  which 
have been presented .
The general morphologic fea tu res  ch a ra cter iz in g  leukemic c e l l s  
in v i t a l  f i lm s  are b est  seen in the c e l l s  o f  acute and chronic mono­
c y t i c  leukemia ( f i g s .  2 5 -3 4 ) .  They rev ea l few a d d it io n a l s tru c tu ra l  
v a r ia t io n s  from the normal or leukemic con d ition , although the c e l l s  
most frequently  are more immature than i s  commonly observed in  other  
forms o f  leukemia.
Morphologic changes su g g e st iv e  o f  leukemia may be observed in  
plasma c e l l s  from m u lt ip le  myeloma ( f i g s .  55-56) and plasma c e l l  
leukemia.
The p r e c is e  d i f f e r e n t ia t io n  o f  the p r im it ive  stem c e l l s  i s  
most' e s s e n t ia l  in  acute leukemias. The stem or b la s t  c e l l s  from
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various leukemias may be most e a s i ly  d i f f e r e n t ia te d  from one another 
in the l iv in g  condition  with the aid  o f  supravita l s ta in in g  and the 
phase contrast and bright f i e l d  microscopes. The more fundamental 
c h a r a c te r is t ic s  necessary for  the morphologic recogn ition  o f  the 
primary types o f  b la s t  c e l l s  are summarized in  Table 2„
Sarcomatous changes may occur in  various types o f  hemopoietic  
c e l l s  including lymphatic ( f i g s .  20- 22) ,  monocytic ( f i g s .  35 -36 ),  and 
m yelocytic  ( f i g .  16) forms. These c e l l s  d i f f e r  with p r im it iv e  leuke­
mic c e l l s  by p ossess in g  a more v e s ic u la r  nucleus and having a small 
rim o f  cytoplasm which frequently  contains a number o f  h igh ly  re fra c ­
t i l e  non-sta in ing  l ip o id  d ro p le ts .  Sarcoma c e l l s  a lso  have a r e la ­
t iv e ly  high m ito t ic  index when compared with normal and leukemic c e l l s .
The developing erythroid  elements, megaloblasts and ear ly  
ery th rob lasts  in p a r t ic u la r ,  are increased in number in the bone 
marrow in pernicious anemia. These c e l l s  d i f f e r  from the morphologic 
pattern  o f  normal c e l l s  in that they are larger in s iz e ,  possess  a 
larger  nucleus with larger n u c le o l i  and have an in crease  in the 
"nucleolar a sso c ia ted  chromatin" and cytoplasmic b aso p h ilia .  Although 
hemoglobin production does not appear to  be impaired, i t  i s  p a r t ia l ly  
obscured by the increased  cytoplasmic b asop h ilia ,  e s p e c ia l ly  in the 
more normal condition  soon a f te r  the i n i t i a t io n  o f  f o l i c  acid  and 
vitamin B 12 therapy.
The developing ery th rocytic  c e l l s  o f  hemolytic anemia tend to 
be s l i g h t l y  sm aller and more sph er ica l than normal c e l l s  a t  the same 
stage  o f  maturation. The nuclear membrane i s  thickened and the 
nucleus i s  s l i g h t l y  more hyperchromatic in these c e l l s .  Spherocytosis
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EXB. 2 A -  Table 2
SUMMARY OF THE DIFFERENTIAL MORHJOLOGIC 
CHARACTERISTICS OF THE PRIMARY BLAST CELLS
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* Includes the myelocyte A.
** Includes the early erythroblast.
i s  ev ident ear ly  in  the development o f  the erythroid  elements and 
becomes more pronounced as the c e l l  matures. Although the number 
o f  nucleated erythroid  c e l l s  i s  g r e a t ly  increased during the 
hem olytic c r i s e s  there does not appear to  be an increase  in the 
r e la t iv e  number o f  young forms.
A l l  s tages  o f  megakaryocyte development are increased in the  
bone marrow in id io p a th ic  thrombocytopenic purpura ( f i g s .  49 -54).  
Only a small number o f  adult megakaryocytes appear to  be a c t iv e ly  
engaged in p l a t e l e t  production. The m ajority o f  c e l l s  in th is  con-  
d it io n  have an agranular peripheral zone o f  cytoplasm which tends to 
form protoplasmic buds m orphologically d is s im ila r  to  p l a t e l e t s .  
Following splenectomy the megakaryocytes show an increased  cy to p la s­
mic gran u larity  with increased  fragmentation and production of  
p l a t e l e t s  and p l a t e l e t  masses concomitant with a decrease in young 
megakaryocytes and an increase  in mature c e l l s .  The to ta l  number o f  
megakaryocytes and the ra te  o f  p l a t e l e t  production gradually  
decreases to w ith in  normal l im its  fo llow in g  th is  period o f  
h y p e r a c t iv ity .
Several ad d it io n a l types o f  c e l l s  seen in the blood and bone 
marrow from severa l d isea ses  have been i l lu s t r a t e d  but w i l l  not be 
further d iscu ssed . These include the Reider lymphocytes of in fe c ­
t io u s  mononucleosis ( f i g s .  2 3 -24 ),  the "L.E." c e l l  o f  lupus erythe­
matosus ( f i g s .  57—5 8 ), c h a r a c te r is t ic  c e l l s  o f  Gaucher*s d isea se  
( f i g .  59 ) , and developing granulocytes seen in " toxic  marrows”
( f i g .  1 2 ).
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DISCUSSION
An examination of v i t a l  f ilm s with the b r igh t  f i e l d  and phase 
c o n tr a st  microscopes rev ea ls  a number o f  morphologic d if fe r e n c e s  
between the c e l l s  o f  the  normal blood and bone marrow and comparable 
c e l l s  in  leukemia although the b asic  morphologic and developmental 
p atterns are q u ite  s im ila r .  Such d if fe r e n c e s  inc lude a tendency for  
the c e l l s  to be larg er  in s i z e ,  have a greater  number and s i z e  o f  
th e ir  n u c le o l i  w ith an increased  o p t ic a l  d en s ity  and "nucleolar  
a sso c ia te d  chromatin," The number o f mitochondria, s i z e  o f  the  
cytocentrum and degree o f  cytoplasm ic b asop h ilia  are a lso  increased  
in th ese  c e l l s .  These morphologic v a r ia t io n s  from the normal pattern  
ascr ibed  to  leukemic c e l l s  correspond in general with the s tr u c tu r a l  
c h a r a c te r i s t ic s  o f  the erythroid  elements seen in  p ern ic iou s  anemia,
i
Such v a r ia t io n s  in  morphology are q u a n t ita t iv e  ra th er  than q u a l i ta ­
t iv e  in nature and may suggest  th a t ,  l i k e  p ern icious anemia, leu k e-  
mias represent a maturation a r r e s t  in  s p e c i f i c  c e l l  l in ea g es  and 
r e f l e c t  an impairment in  c e l l u l a r  metabolism. M etabolic a l t e r a t io n  
may a r i s e  from a d e f ic ie n c y  in  substances necessary to promote proper 
growth and development in  a s p e c i f i c  c e l l  s t r a in ,  i . e . , erythroid  
elements in  pern ic ious anemia. The ex ten t  o f  the d e f ic ie n c y  in  the 
p ostu la ted  m etab o lite  or m etab o lites  may be r e f l e c t e d  in the r e la t iv e  
degree o f c e l lu la r  maturation o f  the leukemic c e l l s .
V ariations in  the s i z e  o f  the granules in developing leukemic 
gran u locy tes ,  the formation o f  granular aggregates in n e u tr o p h il ic  
m yelocytes, the o cca s io n a l formation o f  Auer bodies in leukemic
monocytes and n e u tro p h il ic  m yelocytes , and the rare occurrence o f  
cytoplasm ic c r y s t a l lo id s  in myeloma c e l l s  provide fu rth er  morphologic 
evidence o f  impaired c e l lu la r  metabolism in leukemia.
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Sarcoma c e l l s  ex h ib it  c h a r a c te r is t ic s  o f  very prim itive c e l l s  
but f a i l  to e x h ib it  s igns o f  maturation during any phase o f  the 
d isease  process. These c e l l s  have a high rate of m ito s is ,  possess  
a very v es icu la r  nucleus and have a thin rim of cytoplasm containing  
a variab le  number o f  l ip o id  d rop lets .  For these reasons sarcomatous 
a lte r a t io n s  occurring in hematopoietic c e l l s  appear morphologically  
to represent an ir r e v e r s ib le  change in the metabolic pattern o f the 
c e l l  rather than a r ev ers ib le  maturation a rres t .
The p rec ise  morphologic s tructure o f  the c e l l s  o f the blood 
and bone marrow in the normal and diseased  condition may be best  
resolved  by an examination o f the c e l l s  in the l iv in g  condition .
Such stud ies  have been made p o ss ib le  with supravita l s ta in in g  and the 
phase contrast microscope. S ince c e l lu la r  structure and function  
are interdependent an a lte r a t io n  in  one would n e c essa r ily  be r e f le c ­
ted in the other. Further in s ig h t  in to  the chemical structure and 
composition o f the c e l l s  o f  the blood and bone marrow in the normal 
and diseased  condition  may be atta ined  from cytochemical in v est ig a ­
t io n s ,  However, i t  i s  e s s e n t ia l  that cytochemical lo c a l iz a t io n  of  
substances w ith in  the c e l l  must have i t s  foundation in  morphology 
and s tr iv e  for exact lo c a l iz a t io n  within the s tru ctu ra l elements pre­
sent in the in ta c t  l iv in g  c e l l ,
SUMMARY
The c e l l s  o f  the blood and bone marrow from various blood 
dyscrasias have been studied in the l iv in g  s ta te  and compared with 
normal c e l l s  o f  the same lineage employing v i t a l  film s and the phase 
contrast and bright f i e l d  microscopes,
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EXP. 2 A PLATE 1 
AH figu res  are photographed from sup rav ita l f ilm s with the phase con­
tr a s t  microscope. M agnification 1275 X.
Figure 1. -  Normal band form neutrophil o f  the peripheral blood.
Marker in d ica te s  10 u.
Figure 2. -  Four lobed neutrophil of the peripheral blood.
Figure 3. -  Four lobed neutrophil of the peripheral blood.
Figure 4. -  Four lobed neutrophil o f  the peripheral blood.
Figure 5. «  Five lobed neutrophil o f  the peripheral blood.
Figure 6.  -  Normal band form eos in op h il o f  the peripheral blood. 
F igure 7. -  M otile  b i- lo b ed  eosinophil o f  the peripheral blood.
F igure 8 .  -  B i-lobed eos in op h il  o f  the peripheral blood.
F igure 9 .  -  M otile  b i-lob ed  basophil o f  the peripheral blood.
Figure 1 0 .-  M otile band form basophil o f  the peripheral blood.
Figure 1 1 . -  Old lymphocyte o f the peripheral blood.
Figure 1 2 .-  Mature small lymphocyte o f  the peripheral blood.
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EXP. 2 A PLATE 1
EXP 2 A PLATE 2 
A ll f ig u res  are photographed from su p ra v ita l  f i lm s  with the phase con­
t r a s t  microscope. M agnification  1275 X.
Figure 13. — Mature small lymphocyte o f  the peripheral blood.
Figure 14. -  Young small lymphocyte o f  the peripheral blood.
Figure 15. -  Young s l i g h t l y  m o ti le  small lymphocyte o f  the peripheral  
blood.
Figure 16. -  Young small lymphocyte o f  the peripheral blood.
Figure 17. «  Interm ediate young lymphocyte o f  the peripheral blood.
Figure 18. -  Monocyte o f  the peripheral blood.
Figure 19. -  Monocyte o f  the peripheral blood.
Figure 20. — Monocyte o f  the peripheral blood.
Figure 21. «  Monocyte o f  the peripheral blood.
Figure 22. -  M otile  monocyte o f  the peripheral blood.
Figure 23. -  Monocyte o f  the peripheral blood sev era l hours a f te r
preparation of the f i lm .
Figure 24. — Living unstained m o tile  monocyte in the peripheral blood.
EXP. 2 A PLATE 2
EXP. 2 A PLATE 3
A ll  f igu res  are photographed from su p rav ita l  film s with the phase con­
tr a s t  microscope. M agnification 1275 X.
Figure 25. -  Early n eu tro p h ilic  myelocyte A o f  the normal bone marrow.
A number o f  small mitochondria are sca ttered  about the cytoplasm and
one darker s p e c i f i c  granule may be d is t in g u ish ed  a t  e ig h t  of clock in 
the cytoplasm.
Figure 26. -  A. N eutrophilic  myelocyte A o f  the normal bone marrow.
Note small c lu s te r  o f  darker s p e c i f i c  granules near the cytocentrum.
B. N eutrophilic  myelocyte C. C. N eutrophilic  metamyelocyte.
Figure 27. -  A. Young n eu trop h ilic  myelocyte B with a large  c lu s t e r  o f  
granules near the cytocentrum. B. N eutroph ilic  myelocyte C. A small 
lymphocyte and normoblast are a lso  present.
F igure 28. « Early neu trop h ilic  myelocyte B in the bone marrow.
Figure 29. -  Large n eu trop h ilic  myelocyte B in  the bone marrow.
Figure 30. -  N eutrophilic  myelocyte B in the bone marrow0





EXP. 2 A PLATE 4
A ll  f ig u r e s  are photographed from su p r a v ita l  f i lm s  with the phase con­
t r a s t  m icroscope. M agn ifica tion  1275 X.
F igure 31. *• Late n e u tr o p h il ic  m yelocyte Bin the bone marrow.
Figure 32 . «  A. M otile  band form n eu tro p h il .  B. Plasma c e l l .
C. N eu tro p h ilic  m yelocyte C. N eu tro p h ilic  metamyelocyte o f  the bone 
marrow.
Figure 33 . -  Late n e u tr o p h il ic  m yelocyte B in  m ito s is ;  a lso  a neutro­
p h i l i c  m yelocyte C, and a m o t i le  b i- lo b e d  n eu trop hil in  the bone 
marrow.
Figure 34 . -  A* B a so p h il ic  m yelocyte C. B. N e u tr o p h ilic  m yelocyte B 
in  the bone marrow.
Figure 35 . -  E o s in o p h il ic  myelocyte B in  the bone marrow.
Figure 36. -  E o s in o p h il ic  metamyelocyte in  the bone marrow.
EXP 2 A PLATE 4
EXP. 2 A PLATE 5
A ll  f ig u r e s  are photographed from su p ra v ita l  f i lm s  with the phase con—
t r a s t  m icroscope. M agnification  1275 X.
Figure 37. -  Two ea r ly  ery th ro b la sts  and a c lu s t e r  o f  p l a t e l e t s  in  
the bone marrow.
Figure 38. -  A. Early e r y th r o b la s t .  B. Early n eu tro p h ilic  myelocyte  
A in  the bone marrow.
Figure 39. -  Two la t e  ery th ro b la sts  in c lo se  proximity to  one another 
in  the bone marrow.
Figure 40. Two ea r ly  forms o f  normoblasts in the bone marrow.
Figure 41. — Four normoblasts in the bone marrow in add ition  to  a small
lymphocyte in  the lower r ig h t  hand corner.
Figure 42. — A group o f  normoblasts in the bone marrow. One normo­
b la s t  i s  extruding i t s  n u cleu s.
108
EXP. 2 A PLATE 6
A ll  f ig u res  are photographed from sup rav ita l film s with the phase con-*
tr a s t  microscope. M agnification 1275 X.
Figure 43. -  A. Large normoblast in m ito s is .  B. Normoblast in the 
bone marrow.
Figure 44. «  A. N eutrophilic  metamyelocyte. B. Plasma c e l l  in  the 
bone marrow.
Figure 45. -  Clasmatocyte containing a p a r t ia l ly  d igested  neutrophil 
and c e l lu la r  debris . The ingested  m aterial s ta in s  deeply with 
neutral red.
Figure 46. Clasmatocyte containing in gested  erythrocytes in the bone 
marrow.
Figure 47. •» E ndothelia l c e l l  in  the bone marrow.
Figure 48. *■* Megakaryocyte in the bone marrow which i s  not a c t iv e ly  
producing p l a t e l e t s .  A small c lu s te r  o f  p la t e l e t s  i s  seen a t the 
top o f the f i e l d .  Mag. X 640.
EXP. 2 A PLATE 6
EXP* 2 A PLATE 7
Figure 1* -  N eu tro p h ilic  m yelocyte A and two band form n e u tr o p h ils .  
P erip h era l blood— m yelocytic  leukemia. S u p ra v ita l  and phase 
m icroscope. X 1275, Standard marker rep resen ts  10 m icrons.
F igure 2 . — N eu tro p h ilic  myelocyte A and two n eu tr o p h il ic  C 
m yelocytes . P er iph era l blood—m yelocytic  leukemia. S u p rav ita l  
and phase m icroscope. X 1275.
F igure 3. -  Two n e u tr o p h il ic  A m yelocytes w ith in creased  "nucleo lar  
a s so c ia te d  chromatin." P er ip h era l blood—m yelocytic  leukemia.
X 1275.
Figure 4 . «- N eu tro p h ilic  m yelocyte A and small n e u tr o p h il ic  myelo­
c y te  B with ir r e g u la r  cytoplasm ic borders and nuclear contour.
Bone marrow— m yelocytic  leukemia. S u p ra v ita l  and phase m icroscope.
X 1275.
Figure 5. -  N eu tro p h ilic  m yelocyte B with la r g e  cytocentrum surrounded 
by aggregates o f  cytoplasm ic gran u les .  Note the r e la t iv e  v e s ic u la r  
n u cleu s , the prominent n u c le o l i ,  and "nucleo lar  a s so c ia te d  chromatin." 
Bone marrow— m yelocytic  leukemia. S u p ra v ita l  and phase microscope.
X 1275.
F igure 6.  -  Large n eu tr o p h il ic  myelocyte B with cytoplasm ic granules  
which appear s l i g h t l y  la rg er  than those o f  normal B m yelocytes .  
P eriph era l blood—m yelocy tic  leukemia. S u p rav ita l  and phase micro­
scope. X 1275.
I l l
EXP. 2 A PLATE 7
EXP* 2 A PLATE 8 
Figure 7* -  Two neutrophilic  B myelocytes. The c e l l  on the r ig h t  
ex h ib its  an irregu lar  cytoplasmic border and s l i g h t ly  more hyper- 
chromatic nucleus and le s s  cytoplasm than the c la s s i c a l  morphologic 
pattern o f the B m yelocytes. Peripheral blood—myelocytic leukemia. 
Supravital and phase microscope. X 1275.
Figure 8.  -  N eutrophilic  myelocyte B with irregu lar  cytoplasmic and 
nuclear contour and a prominent cytocentrum surrounded by aggregates  
of cytoplasmic granules. Peripheral blood—m yelocytic leukemia. 
Supravital and phase microscope. X 1275.
Figure 9. -  A ty p ica l  neutrophilic  myelocyte B s im ila r  to those seen 
in  Figures 7 and 8 .  Peripheral blood—m yelocytic leukemia. Supra­
v i t a l  and phase microscope. X 1275.
Figure 1 0 . -  Two neutrophilic  C myelocytes with lobulated n u c le i .  
Peripheral blood-myelocytic leukemia. Supravital and phase micro­
scope. X 1275.
Figure 1 1 . -  Three band form neutrophils ,  a la t e  myelocyte B and a 
metamyelocyte. Peripheral blood—m yelocytic leukemia. Supravital 
and phase microscope. X 1275.
Figure 12. -  Three neutrophilic  B myelocytes with thickened nuclear 
membranes and clumping o f  the cytoplasmic granules. Near the 
center o f  the f i e l d  i s  a neutrophilic  myelocyte A with a thick  
nuclear membrane and prominent nucleolus; a lso  an a typ ica l normo­
b la s t  a t  edge o f  f i e ld .  Toxic bone marrow e t io lo g y  unknown. Supra­
v i t a l  and phase microscope. X 1275.
EXP. 2 A PLATE 8
EXP, 2 A PLATE 9
I
)
Figure 13, — E o s in o p h il ic  m yelocyte B e x h ib it in g  a r e n i fo r m  nucleus  
and sm aller  cytoplasm ic granules than are seen  in  normal e o s in o ­
p h i l i c  m yelocy tes .  P er ip h era l blood— m yelocytic  leukemia. Supra­
v i t a l  and phase m icroscope, X 1275.
F igure 14. -  B a so p h il ic  m yelocyte A and B. Note the sm aller  s i z e  o f  
the b a so p h il ic  B m yelocyte and the r in g  contour o f  the n u cleu s .
Bone marrow— m yelocytic  leukemia with term inal basophil p r o l i f e r a ­
t io n .  S u p ra v ita l  and phase m icroscope. X 1275.
F igure 15. « B a so p h il ic  A m yelocyte with la rg e  basophil granules near 
cytocentrum. A n eu trop h il i s  a lso  shown. Bone marrow— m yelocytic  
leukemia. S u p ra v ita l  and phase m icroscope. X 1275,
F igure 16. « Sarcomatous transform ation in  the c e l l s  from a p a t ie n t  
diagnosed se v e r a l  months e a r l i e r  as m yelocytic  leukemia (F ig s .  5,
6t 13, 15)• Note the la rg e  n u c le o l i ,  r e l a t i v e  small amount of  
cytoplasm con ta in in g  m u lt ip le  tra n s lu cen t  l ip o id  d ro p le ts  in the  
sarcoma c e l l s .  P er iph era l blood-myelosarcoma. S u p ra v ita l  and 
phase m icroscope. X 1275.
Figure 17. -  Leukemic lymphocytes with hyperchromatic nucleus r e s u l t ­
ing from an in c r e a se  in the number o f  n u c le o l i  and the " n u cleo lar  
a sso c ia te d  chromatin." The sm all rim o f  cytoplasm tends to  
accentuate  the s l i g h t  in c r e a se  in  cytop lasm ic o r g a n e l le s .  P e r i ­
pheral blood— chronic lymphocytic leukemia. S u p rav ita l  and phase 
m icroscope. X 1275.
Figure 18. -  Same as F ig .  17 showing a lymphoblast with la rg e  
ir r e g u la r  n u c le o l i  and m oderately hyperchromatic n u cleu s. P e r i ­
pheral blood— chronic lymphocytic leukemia. S u p rav ita l  and phase 
m icroscope. X 1275. 115.
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Figure 19. -  Lymphoblast with prominent n u c le o l i  and "nucleolar  
a sso c ia te d  chromatin" and a more v es ic u la r  nucleus than i s  seen  
in  the lymphoblast in  F ig . 18. Several small leukemic lympho­
cy tes  are a lso  i l l u s t r a t e d .  Peripheral blood— chronic lympho­
c y t ic  leukemia. Supravita l and phase microscope. X 1275.
Figure 20. -  Lymphosarcoma c e l l s  ex h ib it in g  marked pleomorphism. 
Several l ip o id  r e f r a c t i l e  bodies are present in  the cytoplasm of 
a number o f  these c e l l s .  In th is  photomicrograph these bodies 
appear as a small black p a r t ic le  surrounded by a c le a r  halo .
Bone marrow—-leukolymphosarcoma. Supravita l and phase micro­
scope. X 1275.
Figure 21. -  Lymphosarcoma c e l l  with extremely v es ic u la r  nucleus 
and th in  rim o f  cytoplasm. No r e f r a c t i l e  bodies are seen. P e r i­
pheral blood— leukolymphosarcoma. Supravita l and phase microscope 
X 1275.
Figure 22. — Lymphosarcoma c e l l  contain ing one h igh ly  r e f r a c t i l e  
l ip o id  droplet near the cytocentrum. Peripheral blood— leuko­
lymphosarcoma. X 1275.
Figure 23. -  Intermediate s iz e  Rieder lymphocyte with a markedly 
indented nucleus and an increased  number o f  cytoplasmic organ elles  
The cytoplasm i s  homogenous, moderately dense and opaque. P e r i­
pheral blood— in fe c t io u s  mononucleosis. Supravita l and phase
microscope. X 1275.
Figure 24. -  Large s i z e  Rieder lymphocyte with indented nucleus and
increased  number o f  cytoplasmic granules and mitochondria. P e r i­
pheral blood— in fe c t io u s  mononucleosis. Supravita l and phase micro 
scope. X 1275. 117
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Figures  2 5 -3 0 . -  Monoblasts e x h ib it in g  a moderate v a r ia t io n  in  s i z e  
and a la rg e  number o f  m itochondria l o c a l i z i n g  in  the d i s t a l  
p ortion  o f  the cytoplasm and to  a l e s s e r  degree near the c y t o -  
centrum. Cytoplasmic granules tend to  l o c a l i z e  near the c y t o -  
centrum. Monoblast in  upper corner o f  F ig .  26 conta ins  an 
Auer body. P er iph era l blood—-monocytic leukemia. S u p ra v ita l  
and phase m icroscope. X 1275.
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Figures 31-34. «  Young monocytes exhib itng sev era l small n u c le o l i ,  
a large  number o f  cytoplasmic organ elles  and an irregu lar  c y to -  
plasmic contour. A monoblast i s  a lso  shown in  F ig . 31. P e r i -  
pheral blood-^nonocytic leukemia. Supravita l and phase micro­
scope. X 1275.
Figures 35-36. -  Monosarcoma c e l l s  ex h ib it in g  an extremely v e s i ­
cu lar  nucleus, a thin rim o f  cytoplasm, and a moderate number o f  
mitochondria which tend to lo c a l iz e  in the d i s t a l  cytoplasm. 
Peripheral blood-monosarcoma. Supravita l and phase microscope.
X 1275.
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Figure 37. »  M egaloblast e x h ib it in g  large  prominent n u c le o l i ,  
in creased  "nucleolar a s so c ia te d  chromatin," and deeply baso­
p h i l i c  cytoplasnu Bone marrow— pernicious anemia. Supravita l  
and phase microscope. X 1275.
Figure 38. -  Early e r y th r o b la s t .  Bone m arrow -pernicious anemia.
S u p rav ita l  and phase microscope. X 1275.
F igure 39. Late ery th ro b la st  with r e l a t i v e l y  v e s ic u la r  nucleus 
and prominent n u c le o l i  and "nucleolar a s so c ia te d  chromatin."  
Cytoplasmic org a n e lle s  tend to  l o c a l i z e  near the cytocentrum  
and nuclear membrane. An e lon gate  reticulum  c e l l  i s  a lso  shown.
Bone marrow— pernicious anemia. Suprav ita l and phase microscope.
X 1275.
Figure 40. — Two l a t e  e r y th r o b la s ts ,  three normoblasts and a small 
lymphocyte. Note the formation o f mitochondria in to  ring forms 
p o ss ib ly  as a r e s u l t  o f  c e l lu la r  degeneration . Bone m arrow -  
pern icious anemia. S u p rav ita l  and phase microscope. X 1275.
Figure 41. -  Normoblasts and a l a t e  myelocyte B. Note the rather  
large  s i z e  o f  the normoblasts as compared with the normal con d ition .  
Bone marrow— pernicious anemia. Supravita l and phase microscope.
X 1275.
Figure 42. »• Three large normoblasts and a m egaloblast. Bone m arrow -  
p ern ic iou s  anemia. S u p rav ita l  and phase microscope. X 1275.
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Figure 43. *» Early ery th ro b la st  with large dense n u c leo li  and 
"nucleolar a sso c ia ted  chromatin" and a normoblast. Note the 
s l i g h t  tendency for the ear ly  erythrob last  to have a more th ick ­
ened appearance than s im ila r  c e l l s  in pernicious anemia or in  
the normal con d ition . Bone marrow— con gen ita l hemolytic anemia.
X 1275.
Figure 44. -  Two la t e  eryth rob lasts  with thick nuclear membrane 
and a sm aller and more sph er ica l appearance than normal c e l l s .  
Bone m arrow -congenita l hemolytic anemia. Supravita l and phase 
microscope. X 1275.
Figure 45. -  Several small rather sph er ica l normoblasts. Bone 
marrow— con gen ita l hemolytic anemia. Supravita l and phase 
microscope. X 1275.
Figure 46. — Several normoblasts, a la t e  ery th ro b la st ,  and an 
e n d o th e lia l  c e l l  near the center  o f  the f i e l d .  Bone m arrow-  
co n gen ita l  hemolytic anemia. Supravita l and phase microscope.
X 1275.
Figure 47. -  Clasmatocyte with in je s te d  normoblast. Several normo­
b la s t s  are present in the f i e l d .  Bone marrow— congenita l hemo­
l y t i c  anemia. Supravita l and phase microscope. X 1275.
Figure 48. -  Clasmatocyte with in je s te d  nucleus and c e l lu la r  
d eb r is .  Bone marrow— congen ita l hemolytic anemia. Supravita l  
and phase microscope. X 1275.
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Figure 49. « Megakaryocytoblast with large lobed nucleus contain­
ing severa l large irregu lar  n u c le o l i .  The cytoplasm i s  scanty  
and s l i g h t l y  irregular with a moderate number of mitochondria 
and cytoplasmic granules. Bone marrow— idiopath ic  thrombocytopenic 
purpura. X 1275.
Figure 50. -  Megakaryocyte with banded nucleus and p le n t i fu l  cytoplasm  
contain ing many cytoplasmic granules and mitochondria. The darker 
granules have sta ined  with neutral red. Note the irregu lar cytop las­
mic border which appears agranular. The cytoplasm at the upper edge 
o f  the photograph shows a fragmentation o f  c lea r  cytoplasmic buds. 
Bone marrow— idiopath ic  thrombocytopenic purpura. X 700.
Figure 51* « Megakaryocyte with rather w e ll-d e fin ed  cytoplasmic  
borders and small amount of agranular cytoplasmic budding. Bone 
marrow— idiopath ic  thrombocytopenic purpura. X 700.
Figure 52. -  Megakaryocyte with vacuolated cytoplasm with irregu lar  
cytoplasmic borders and a portion of the peripheral cytoplasm which 
i s  agranular. Bone marrow— idiopath ic  thrombocytopenic purpura.
X 570.
Figure 53. -  Megakaryocyte with m ultip le  large vacuoles (degeneration).  
Bone marrow— idiopath ic  thrombocytopenic purpura. X 700.
Figure 54. -  Megakaryocyte fo r ty -e ig h t  hours postsplenectomy with  
fragmentation o f  granular portions o f cytoplasm and a lso  a small 
amount of fragmentation o f  agranular buds. Bone marrow— idiopath ic  
thrombocytopenic purpura. X 570.
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Figure 55, -  Plasm acytoblast with r e la t iv e  v e s ic u la r  nucleus,  
sev era l n u c le o l i  and a prominent cytocentrum surrounded by 
cytoplasm ic granules, vacuoles and elongate mitochondria. Bone 
marrow*—»plasma c e l l  myeloma. Supravita l and phase microscope.
X 1275.
Figure 56. *■» Plasma g e l l  with ex ten s iv e  cytoplasmic containing  
numerous mitochondria and granules. The nucleus i s  r e la t iv e ly  
v e s ic u la r  and contains a prominent dense n u cleo lu s .  Bone marrow«« 
plasma c e l l  myeloma. Supravita l and phase microscope. X 1275.
Figure 57. -  "L.E." c e l l  from the bone marrow o f  a p a t ien t  with 
lupus erythematosus. The m aterial w ith in  the cytoplasm o f  the 
c e l l  i s  opaque homogenous and f a i l s  to s ta in  with neutral red. 
Bone marrow«*»lupus erythematosus. X 1275.
Figure 58. «* Large "L.E.” c e l l  contain ing a large amount o f  the 
opaque nuclear m aterial although i t  varies  s l i g h t l y  in d en s ity .  
Cytoplasmic granules are superimposed over th is  m ater ia l.  Bone 
marrow**~lupus erythematosus. X 1275.
Figure 59. •* Gaucher c e l l  with markedly f i b r i l l a r  and s l i g h t l y  
granular cytoplasm and a small oval nucleus. Bone marrow-** 
Gauchert s d ise a se .  X 1275.
Figure 60. •» Reticulum c e l l  sarcoma c e l l s  containing an oval 
moderately granular chromatin pattern , small irregu lar  n u c le o l i  
and a number o f  mitochondria, granules and l ip o id  droplets  w ith in  
th e ir  cytoplasm. Lymph node scraping— reticulum c e l l  sarcoma.
X 1275.
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CYTOCHEMISTRY AND MORPHOLOGY OF SEVERAL 
DISTINCTIVE CYTOPLASMIC STRUCTURES
Variations in  the morphology of the cytoplasmic granules o f  
leukemic c e l l s  i s  w ell i l lu s t r a te d  with the occasional formation o f  
Auer bodies and granule-vacuole bodies in the cytoplasm o f  these 
c e l l s .  The presence o f  such prominent cytoplasmic structures has 
provided an id ea l s ta r t in g  point for the application of cyto­
chemistry to the study o f  the chemical nature o f  cytoplasmic gra­
nules and org a n e lle s .  These structures have been studied exten­
s iv e ly  both morphologically and cytochemically with the techniques 
previously discussed in th is  report.
Morphologically Auer bodies appear as rod shaped structures  
which are occasiona lly  present w ithin  the cytoplasm of leukemic 
myelocytes and monocytes. Auer bodies measure le s s  than 1 micron 
in width and vary in  length from 1-10 microns. These bodies may 
appear as needle, comma or diamond shaped structures and occasionally  
a rare granular form i s  seen. Although the number o f  Auer bodies 
present within an individual c e l l  i s  usually  lim ited  to one or 
two, more than f i f t e e n  may be found. These structures assume a 
random d istr ib u tio n  within the cytoplasm and appear to  ar ise  near 
the cytocentrum at the s i t e  o f  the formation of cytoplasmic granules. 
Appearing early  during the development o f  the leukemic c e l l ,  the 
Auer rods gradually disappear as the c e l l  nears maturity.
The coloration  o f  the Auer bodies with neutral red following  
supravital s ta in ing  corresponds very c lo se ly  with that o f  the cyto­
plasmic granules o f  the developing myelocytes and monocytes. Thus
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during the early  phases o f  c e l lu la r  development the cytoplasmic 
granules and Auer bodies s ta in  a dark red (acid) co lor  and change 
slow ly  to a more neutral reaction  (orange-brown) as the c e l l  matures 
to  the f in a l  stages of c e l lu la r  maturation. The Auer rods tend to  
become smaller and to fragment as the c e l l  reaches maturity and 
are completely absent in the mature c e l l  forms.
Auer bodies move throughout the cytoplasm as a r e s u lt  o f  
the cytoplasmic currents and the e f f e c t  o f  Brownian movement. They 
appear to be undamaged by these c e l lu la r  movements; mechanical and 
osmotic trauma has l i t t l e  or no e f f e c t  upon the morphologic appear­
ance o f  the s tru c tu res .  Several instances have been noted in 
which an Auer body was found protruding through the c e l l  membrane 
with no v i s ib le  damage to the a c t iv e ly  m otile  c e l l  or to the Auer 
rod. These bodies do not appear to take an a c t iv e  part in m itos is  
and are d istr ib u ted  a t random to the daughter c e l l s  during th is  
process.
Auer bodies ex h ib it  azurophilic  properties s im ilar  to the 
cytoplasmic granules o f  the developing myelocytes and monocytes 
fo llow ing  s ta in in g  with the Romanowsky dyes. There is  a tendency for  
the basoph ilic  s ta in in g  (blue) cytoplasm o f  these young c e l l s  to  
camoflage the azurophilic  rods. Frequently r e d - l ik e  azurophilic  
plaques of granules are seen in the cytoplasm o f  these leukemic 
c e l l s  which resemble Auer bodies. Ribonuclease abolishes  the 
s t a in a b i l i t y  of the Auer bodies with the Romanowsky dyes, although 
the s t a in a b i l i t y  o f  the azurophilic  granules i s  only s l i g h t ly  
a ffe c te d ,  suggesting the presence o f  pentosenucleoprotein in  these
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s tr u c tu r e s .  D esoxypentosenucleoprotein i s  not p resent in  cyto— 
plasmic granulation  or in c lu s io n s .
The sudanophilia  o f  Auer rods and cytoplasm ic granulation  
suggests  th e ir  l ip o id  nature. Both the Auer bodies and cytoplasm ic  
granules s ta in  a brown-black co lo r  in  co n tra st  to the black co lora ­
t io n  o f  the mitochondria fo llo w in g  s ta in in g  with Sudan black B.
As the c e l l  matures the Auer bodies diminish in s iz e  and appear 
to  break up in to  small brown granules not un like  the ty p ic a l  cy to ­
plasmic gran u les.
D i f f e r e n t ia l  s o l u b i l i t y  s tu d ie s  further  suggest  the d i s t in c t  
chemical nature o f  the components p resent in  the Auer bodies and 
cytoplasm ic granules which s ta in  with the Romanowsky dyes and 
Sudan black . Both components e x h ib i t  a greater  s o lu b i l i t y  in  i s o ­
to n ic  s a l in e  than d i s t i l l e d  water. Azurophilia  i s  reduced to vary­
ing degrees with a l l  so lv en ts  employed and i s  more r e a d ily  removed 
with w ater, benzene and chloroform than i s  the sudanophilic  component* 
The sudanophilia  o f  the Auer body i s  com pletely removed with absolute  
methyl and e th y l  a lc o h o l ,  e th e r ,  and s a l in e ;  markedly reduced with  
x y len e  and chloroform; and moderately reduced with benzene. Acetone 
has the l e a s t  e f f e c t  upon the azu rop h ilia  and sudanophilia , pro­
ducing only a s l i g h t  reduction in the number o f  Auer b od ies . These 
data in d ica te  th a t the Auer bodies and cytoplasm ic granules contain  
both p rote in  and phospholip id .
Auer bodies e x h ib i t  a pale b lu ish -p in k  co lo ra t io n  fo llow in g  the 
plasmal rea ct io n  for  a c e ta l  phospholip ids. The cytoplasm and cy to ­
plasm ic granules a lso  s ta in  a p a le  pink c o lo r ,  although the areas o f
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m itochondrial lo c a l i z a t io n  s ta in  more in te n s e ly  than the other  
p ortion  of the young myelocytes and monocytes.
Both Auer bodies and cytoplasm ic granules are found to contain  
mucopolysaccharides as suggested by the p er iod ic  acid—S c h i f f  reac­
t io n ;  a glycogen component i s  a lso  present in  many o f  the cytoplasmic  
gran u les ,  but i s  absent in  the Auer rods.
Auer bodies and the cytoplasm ic granules e x h ib i t  both peroxi­
dase and oxidase a c t i v i t y .  Peroxidase p o s i t iv e  granules are seen  
to  group in  plaques and loose  rods w ith in  the cytoplasm o f  many o f  
these c e l l s .  The m ajority  o f  Auer bodies appear d i s t i n c t l y  granular  
fo llo w in g  the peroxidase r e a c t io n .  Auer bodies f a i l  to e x h ib it  acid  
and a lk a l in e  phosphatase or l ip a s e  a c t i v i t y .
Both cytochem ical and morphologic s tu d ies  in d ic a te  that the 
Auer rods and cytoplasm ic granules o f  developing leukemic myelocytes  
and monocytes are c l o s e ly  r e la te d .  They have a s im ila r  chemical 
composition and are composed o f  a number o f substances inc lud ing  a 
so lu b le  p ro te in , protein-bound su lfh yd ry l groups, pentosenucleopro-  
t e in ,  p hospholip ids, a c e ta l  phospholip ids, mucopolysaccharides and 
e x h ib it  both oxidase and peroxidase a c t i v i t y .
A c o r r e la t io n  o f  cytochemical and morphologic observations  
s tro n g ly  suggests  that the Auer body i s  a coacervate which forms 
near the cytocentrum o f  c er ta in  leukemic c e l l s  by a coa lescen ce  o f  
the newly formed cytoplasm ic gran u les . This process occurs during 
the ea r ly  stages  o f  c e l lu la r  development and maturation when the 
cytoplasm ic granules have a r e la t iv e  a c id ic  nature and are lo c a l iz e d  
in c lo s e  proximity to one another.
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During c e l l u l a r  maturation and development the cytop lasm ic  
granules and Auer bodies become l e s s  a c id ic  in  nature and lo se  
much o f  th e ir  a z u r o p h il ia .  S in ce  coacervation  occurs only  under 
th e  proper environmental c o n d it io n s ,  the r e la t iv e  n e u tr a l iz a t io n  
and change in  the chem ical com position o f the Auer bodies may 
permit these  s tr u c tu r e s  to undergo d is s o lu t io n  in to  sm all c y to p la s ­
mic g ra n u les .  A lte r a t io n s  in  the cytop lasm ic granules p resen t in  
leukemic c e l l s  has been d iscu ssed  e a r l i e r ,  i . e .  the formation o f  
s l i g h t l y  la r g e r  granules and granules which have somewhat more 
a c id ic  s ta in in g  p ro p er t ie s  than normal. A grea ter  impairment in  
c e l l u l a r  metabolism in  c e r ta in  o f  the leukemic c e l l s  may account  
fo r  the c o a le scen ce  o f  the cytop lasm ic granules in to  the c r y s t a l ­
l i k e  rods.
A rare and h i th e r to  undescribed aberrant s tru c tu re  in d ic a ­
t i v e  o f  impaired c e l l u l a r  metabolism has been found w ith in  the  
cytoplasm o f  c e r ta in  leukemic c e l l s  from seven p a t ie n ts  w ith acute  
leukemia.
EXP. 2B - TABKE 1 .
Type o f Per cen t  o f  Granule- Per cent o f  Auer
Leukemia Vacuole bodies in Bodies in
Leukemic C e l ls  T Leukemic C e l ls*
Blood Bone Marrow Blood Bone Marrow
Monocytic
1. 68.0 M 0.1
2 . * * • 6 .4 W none seen
3. 1.8 * 0 .1 *
4. 1.6 * 0 .4
M yelocytic
1. * * 19.2 8 .0
2 . 20.0 * none seen
3 . *■* > 1 .0 9m
t Percentages c a lc u la te d from a count o f 500 leukemic c e l l s .
*No f i lm s  a v a i la b le  for examination.
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Figure 1. -  Monoblast containing an Auer body. Note several small 
granules in the cytoplasm having the same r e fr a c t iv i ty  and density  
as the Auer body. Supravital and phase microscope. X 3200.
Figure 2. -  Monoblast containing red spherica l g lob u les .  An Auer 
body i s  protruding from several o f  these granules. Supravital and 
phase microscope. X 3200.
Figure 3. *• Myelocyte "B" with an Auer body and a spherical
"degenerating" g lob u le .  Supravital and phase microscope. X 3200.
Figure 4. -  Early myelocyte "B" wifi a large thin Auer body spanning 
the nucleus. Supravital and phase microscope. X 3200.
Figure 5. «  Monoblast from bone marrow showing an Auer body pro« 
truding through the c e l l  membrane. The Auer body seems to be 
curved and have severa l fragments a t the ex ter ior  end. Supravital 
and phase microscope. X 3200.
Figure 6. « An Auer body protruding through the c e l l  membrane of a 
monoblast. Supravital and phase microscope. X 3200.
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Figure 7 .  -  Monoblast in m ito s is  (prophase). Two Auer bodies are 
ly in g  near the r in g  o f  chromosomes. S u p ra v ita l  and phase micro— 
scop e. X 3200.
Figure 8 .  «• Monoblast in  m ito s is  (prophase) con ta in in g  two small 
Auer bodies c r i s s - c r o s s e d  near cen ter  o f  chromosome r in g .
S u p ra v ita l  and phase m icroscope. X 3200.
Figure 9 .  -  Monoblast in  te loph ase  s ta g e  o f  m it o s is .  Two Auer
bodies are found, one near the c e l l  membrane, the o ther ly in g  across 
the former m ito t ic  sp in d le .  S u p ra v ita l  and phase m icroscope. X 3200.
Figure 1 0 . -  Young m yelocyte and a l a t e  "B" m yelocyte which conta ins  
many Auer b o d ies .  W right's s t a i n .  X 3200.
Figure 11. «Monoblast w ith two d i s t i n c t l y  granular Auer b od ies ,
Sato and Sakeya p erox id ase .  X 3200.
F igure 1 2 . -  Monoblast w ith three  p o s i t i v e l y  s ta in ed  Auer bodies; one 
o f  th ese  has a homogenous p o s i t iv e  s ta in in g  zone about i t .  P o s i t iv e  
granulation  may a lso  be seen . Cytochrome oxidase (M. nadi) 
r e a c t io n .  X 3900.
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Figure 13. — Monoblast con ta in in g  s ix  Auer bodies and granular  
m a te r ia l .  Sudan black B cou n tersta in ed  w ith  sa fra n in e  «  dark 
f i e l d .  X 3200.
Figure 14. -  Monoblast con ta in in g  f iv e  or s ix  Auer b o d ie s ,  one o f  
which i s  very granular o v er ly in g  the n u cleu s . Sudan black B 
with sa fran in e  c o u n tersta in  -  dark f i e l d .  X 3200.
Figure 15. ~ Three s ta g es  o f  Auer body and c e l l u l a r  development 
in  the monocytic c e l l s .  The younger c e l l  has two Auer bodies  
and l i t t l e  granular m a te r ia l .  The most mature c e l l  shows con-* 
s id e r a b le  numbers o f  granules and numerous Auer b o d ies ,  some o f  
which may be fragmenting. Sudan black B with no co u n te r s ta in .
X 3200.
F igure 16. « Myelocyte "C" con ta in in g  many Auer bodies in the cy to ­
plasm. These Auer bodies s ta in e d  somewhat l ig h t e r  than the 
s p e c i f i c  gran u les .  Because o f  the lack o f  c o n tr a st  between the 
sudanophobic nucleus and the microscope f i e l d ,  only the cytoplasm  
o f  t h is  c e l l  i s  apparent in  the photograph. Sudan black B with
no co u n te r s ta in .  X 3200.
F igure 17. -* An in term ediate  lymphocyte from a case  o f  in fe c t io u s
mononucleosis s ta in e d  with Sudan black B (no c o u n te r s ta in ) .  The 
f in e  dark granules are mitochondria and the somewhat la rg er  and 
darker granules correspond to  the n eu tra l red and a z u r o p h il ic  gra­
n u les  found in lymphocytes.
F igure 18. «  Myelocyte "B" with one w e l l  formed Auer body and sev era l  
c lu s t e r s  o f  n e u tr o p h il ic  granules in  r o d l ik e  patterns near the 
reg ion  o f  the centrosphere . S u p ra v ita l  and phase microscope.
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In sup rav ita l film s the granule-vacuole in c lu s io n s  appear as 
moderately r e f r a c t i l e ,  round or o v a lt ye llow ish  v a c u o le - l ik e  stru c­
tures and contain one to severa l neutral red s ta in in g  granules. In 
a few instances the vacuolar portion o f the in c lu s io n  s ta in s  a pale  
homogeneous pink (neutral red ).  The granule-vacuole in c lu sion s  
range in  s iz e  from 0 .5 - 4 .0  microns. The smaller v a cu o la r - l ik e  
in c lu sion s  u su a lly  contain  a s in g le  red granule with a small vacu­
o lar  rim, w hile the larger  in c lu s io n s  are characterized  by a much 
larger vacuole surrounding the granule or granules. The number o f  
in c lu s io n s  w ith in  a s in g le  c e l l  appears to be r e la ted  to the degree 
o f  c e l lu la r  d i f f e r e n t ia t io n ;  th is  r e la t io n sh ip  i s  more apparent in  
the c e l l s  o f  m yelocytic leukemia than in  the c e l l  o f  monocytic 
leukemia. The in c lu s io n s  are most numerous in the la te  "B" and "C" 
myelocytes ( f i g .  1) and mature neutrophils  and are rare in myelo­
b la s t s ,  "A" and ea r ly  "B" myelocytes. The "B" myelocytes contain  
from one to  f iv e  moderate s iz e d  granule-vacuole in c lu s io n s ,  while  
the neutrophils u su a lly  possess  only a s in g le  large in c lu s io n .  The 
mature neutrophils  containing these  bodies are a c t iv e ly  m o ti le  and 
many have been found which appear to  be extruding these bodies into  
the plasma ( f i g .  2 ) .  The granule-vacuole bodies are not present in 
the prim itive  monoblasts or mature leukemic monocytes but from one 
to four granule-vacuole bodies occur in monoblasts which have under­
gone p a r t ia l  d i f f e r e n t ia t io n  toward the mature monocyte s ta g e .  
Granule-vacuole bodies have been observed in leukemic myelocytes and 
young monocytes undergoing m ito s is .  In most instances  granu le-  
vacuole bodies and Auer bodies occur in  the c e l l s  from the same
p a t ie n t ,  although the number o f  Auer bodies in these cases i s  lower
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than the number o f granule-vacuole bodies, Granule-vacuole bodies 
and Auer bodies rare ly  occur in the same leukemic c e l l ,  although 
severa l instances have been noted in which Auer bodies appear to  be 
rounding up and forming granule-vacuole l ik e  structures*
Unstained moist v i t a l  preparations examined with the bright  
f i e l d  microscope reveal the granule-vacuole inc lusions to be homo­
geneous with no v i s ib l e  granules ( f i g .  3); however, granules could  
be seen w ithin  the in c lu sion s  with the phase microscope. Supravital  
and unstained moist preparations examined with the p o lar iz in g  micro­
scope reveal the iso tro p ic  nature o f  the granule-vacuole in c lu s io n s .
Wright's s ta in ed  preparations reveal a marked varia tion  in  
the s ta in a b i l i t y  and s o lu b i l i t y  of the granule-vacuole bodies. In 
most instances the vacuolar portion o f  the inclusion  i s  d isso lved  
out by the action  o f  the a lco h o lic  Wright's s ta in ,  although the 
granular portion which i s  le s s  a lc o h o l - la b i le  exh ib its  a strong  
basoph ilic  and azurophilic  reaction than normal cytoplasmic  
granules. O ccasionally  the vacuolar portion o f  the body i s  colored  
pink to deep red follow ing exposure to Wright's s ta in .  The vacuolar 
portion of the smaller inclusions i s  le s s  so lub le  in alcohol and 
s ta in s  deeper than the large vacuolar in c lu s io n s .  O ccasionally pale  
pink homogeneous s ta in in g  rods which resemble Auer bodies in the ir  
morphology have been seen in the vacuole which has d isso lved  out in 
Wright's sta ined  preparations.
The cytochemistry o f  the vacuolar portion o f  the granule-  
vacuole bodies d i f f e r s  in some respects  with the cytochemistry o f  
the granule portion . The vacuole i s  sudanophilic, PAS-positive and
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e x h ib it s  oxidase and peroxidase a c t i v i t y .  The vacuoles do not  
e x h ib i t  ac id  and a lk a l in e  phosphatase or l ip a se  a c t i v i t y  and do 
not contain  a c e ty l  l i p i d s ,  g lycogen , hyaluronic ac id  or ribonu-  
c le o p r o te in .  The granular portion  o f  the body i s  sudanophilic  
P A S -p o s it iv e ,  p la sm a l-p o s it iv e  and e x h ib its  a strong oxidase and 
peroxidase a c t i v i t y  and a s l i g h t  a lk a l in e  and ac id  phosphatase  
a c t i v i t y ,  contains a r ibonucleoprotein  component and i s  more a c id ic  
in  nature than the vacuole.
The cytochem ical reaction s  in d ic a te  a c lo se  c o r r e la t io n  
between the granu le-vacuole  in c lu s io n s ,  cytoplasm ic granules and 
Auer b od ies . The in c lu s io n s  d if f e r e d  cytochem ically  from the cy to ­
plasmic granules and Auer bodies o f  the neutrophil s e r ie s  p r in c i­
p a l ly  in  the amount o f  each c o n s t i tu e n t  as in d ica ted  by the in ten ­
s i t y  o f  each r e a c t io n .  The oxidase and peroxidase enzymes as w e l l  
as the mucopolysaccharide in the v a c u o la r - lik e  in c lu s io n s  produced 
a more in ten se  rea c t io n  than in  e i t h e r  the cytoplasm ic granules or 
Auer b od ies . The l i p i d  membrane o f the vacuolar in c lu s io n s  was 
extremely so lu b le  in a lcoh o l in co n tra st  to  the p a r t ia l  s o lu b i l i t y  
o f  the granules and Auer b od ies . The cytochemical s im i la r i ty  o f  the 
cytoplasm ic granules, Auer bodies and vacuolar in c lu s io n s  may in d i­
c a te  that the granule-vacuole in c lu s io n s  a r is e  as the r e s u l t  o f  a 
malformation o f  cytoplasm ic granules due to an a l te r a t io n  o f  c e l l  
metabolism. The granule-vacuole  in c lu s io n s  were not the r e s u l t  o f  
in v i tr o  a l te r a t io n s  s in c e  these s tru ctu res  were found in moist  
unstained preparations immediately a f te r  b iopsy. Mature neutrophils  
were a c t iv e ly  m o ti le  and were not in fluenced  by the cytoplasm ic
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Figure 1. ** A myelocyte "C" conta in ing  two moderate s iz e d  gran u le-  
vacuole in c lu s io n s .  S u p ra v ita l .  X 3000.
F igure 2 , «• An a c t iv e ly  m o ti le  neutrophil which has j u s t  extruded  
a gran u le-vacuo le  in c lu s io n  in to  the plasma. S u p ra v ita l .
X 3000.
Figure 3. -  A myelocyte "C” with four moderate s iz e d  and one large  
vacuolar in c lu s io n .  No granules could be observed w ith in  the 
vacu o les .  Unstained m oist preparation. X 3000.
Figure 4. — A la te  myelocyte "B" conta in ing  f iv e  deeply s ta in in g  
vacuole in c lu s io n s .  The cytoplasm s ta in s  a l ig h te r  co lo r  than 
the in c lu s io n s .  P e r io d ic  a c id -S c h i f f .  X 3000.
Figure 5. — A myelocyte "B" conta in ing  sev era l  vacuole in c lu s io n s .  
Two of the in c lu s io n s  appear to have an outer capsule which 
s ta in s  w ith  the Sudan black B. Sudan black B with no counter­
s t a in .  X 3000.
F igure 6. — A young monocyte e x h ib it in g  sev era l in c lu s io n s .  A 
small amount o f  the vacuolar m ater ia l s t i l l  remains in  each 
in c lu s io n .  A darker s ta in in g  granule may a lso  be observed  
a t  the eckje o f  two o f the in c lu s io n s .  Wright*s s ta in .  X 3000.
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s tr u c tu r e s .  S ev era l  n eu trop h ils  seemed to  be in  the process o f  
extruding  th ese  in c lu s io n s ,  thus su g g e st in g  t h e ir  n o n -e s s e n t ia l  
r o le  in  the su r v iv a l  o f  the leu k o cy te s .
An in t e r e s t in g  cytop lasm ic s tr u c tu r e  normally p resen t and 
p e c u l ia r  to  the lymphocytes of the guinea p ig  fam ily  are the s o -  
c a l l e d  K u r lo ff  b o d ies .  S in ce  th ese  normally occurring s tru c tu res  
s l i g h t l y  resemble the vacuolar in c lu s io n s  seen in  c e r ta in  leukemic 
c e l l s ,  a d e t a i le d  study o f  th ese  bodies was deemed a d v isa b le ,
A survey o f  seventy  normal male guinea p igs  showed th a t  the 
average number o f  c e l l s  con ta in in g  K u r lo ff  bodies was 4 ,1  per cen t  
o f  the t o t a l  le u k o c y te s .  Approximately 0 ,5  per cent o f  the t o t a l  
leu k ocytes  conta ined  se v e r a l  sm all K u r lo ff  b o d ie s .  The "accessory  
K urloff"  bodies were p resen t as 0 ,4  per cent o f  the t o t a l  le u k o c y te s .  
The d i s t in c t io n  between small K u r lo ff  bodies and the s o - c a l l e d  
a ccesso ry  K u r lo ff  bodies w i l l  be d iscu ssed  l a t e r .  The lymphocytes 
were the only c e l l s  noted as p o sse s s in g  K u rlo ff  b o d ies .
Unstained m oist  preparations rev ea led  the K u r lo ff  bodies to  be 
moderately r e f r a c t i l e  y e l lo w ish -g reen  homogeneous round or oval 
bodies in  the cytoplasm  o f  the lymphocytes. The s o - c a l l e d  accessory  
K u r lo ff  bodies were more r e f r a c t i l e  and sp h e r ic a l  than the true  
K u r lo ff  b o d ies .  Preparations s ta in e d  w ith  n eu tra l red by the supra­
v i t a l  technique rev ea led  a l l  K u r lo ff  bodies to con ta in  a network 
o f  rods or granules taking the n eu tra l red s t a in .  These neutra l  
red p r e c ip i ta te s  were found to  be b ir e f r in g e n t .  Even the extremely  
sm all K u r lo ff  bodies (one to  two micra) contained  some n eu tra l red 
s ta in in g  m a te r ia l .  S im ila r  networks were p r e c ip i ta t e d  from the
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K u rlo ff  bodies by mixing a drop o f  blood with a drop o f  b r i l l i a n t  
c r e s y l  b lue , to lu id in e  blue or th io n in .  In a l l  cases t h is  network 
s ta in e d  m etachrom atically . The "accessory" K u rlo ff  bodies remained 
unstained with b r i l l i a n t  c r e s y l  b lu e , to lu id in e  blue and th io n in .
In f ix e d  f ilm s  s ta in ed  with to lu id in e  blue and th io n in  the 
K u rlo ff  bodies were co lored  m etachrom atically . T olu id ine  blue  
s ta in e d  the K u rlo ff  bodies v io le t -p u r p le  w hile  the th ion in  s ta in ed  
them an orange-tan. These s ta in s  produced a shrinkage o f  the Kur­
l o f f  bodies. In many in stan ces  w ith  to lu id in e  blue a f in e  network 
l i k e  appearance was obtained w hile  the th ion in  u su a lly  produced a 
more homogeneous appearance though s t i l l  somewhat vacuolated. The 
metachromatic c o lo r a t io n  o f  the K u rlo ff  bodies was changed to var i­
ous degrees depending upon the type o f  f ix a t io n  and a lso  a f te r  
incubation in various so lv e n ts .  Bismark brown sta in ed  the K u rlo ff  
bodies a yellowish-brown.
The p er io d ic  a c id -S c h i f f  rea c t io n  sta in ed  the K u r lo ff  bodies 
a homogeneous reddish-pink which was not reduced fo llow in g  s a liv a r y  
d ig e s t io n .  None o f  the f ix a t iv e s  or so lv en ts  employed abolished  
the PAS react ion  o f  the K u rlo ff  bod ies . However, i t  seemed that  
a f t e r  prolonged immersion in  ether  the K u rlo ff  bodies s ta in ed  a 
deeper pink.
Hyaluronidase did not remove the metachromasia or change the 
s t a i n a b i l i t y  o f  the K u rlo ff  bodies with Wright's s t a in ,  th ion in  or 
th e  PAS rea c t io n .  Various f ix a t io n s  did not a l t e r  th e se  r e s u l t s .  
The Hale t e s t  produced a b lu ish -green  co lo ra t io n  in  the K u rlo ff  
bodies which was not removed by hyaluronidase.
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The determination of r ibonucleoprotein by enzyme d ig est io n  did 
not prove to be s a t i s fa c to r y  for the demonstration o f  the p o ss ib le  
small amount o f  th is  substance in the K urloff  bod ies. Because o f  
the network or granular appearance o f  some o f  the K urloff  bodies fol** 
lowing sta in in g  (contro ls)  the somewhat granular appearance or s l ig h t  
decrease in  the s ta in in g  properties o f  the K urloff bodies a f ter  
enzyme d igest ion  could not be d e f in i t e ly  a ttr ib u ted  to ribonucleopro­
t e in .
Sudan black Bt Sudan orange, n i l e  blue su lfa te  and the acid  
haematin and plasmal reactions gave negative r e su lts  for  the K urloff  
bodies. There was a tendency for a lo c a l iz a t io n  o f  l ip id s ,  phospho­
l ip id s  and a ce ta l  l ip id s  about the K urloff  bodies. The true K urloff  
bodies a lso  gave negative t e s t s  for acid  and a lk a lin e  phosphatase, 
l ip a s e ,  calcium, iron, hemoglobin, amyloid and with the n u clea l,  
peroxidase, M. nadi and Schultz rea ct io n s .  Mucicarmine a lso  y ielded  
negative r e su lt s  for the K urloff b od ies. Trypsin d igested  the 
K urloff  bodies as w e ll  as many other structures and c e l l s .
The s o -c a l le d  accessory K urloff  bodies d i f f e r  from the true 
K urloff  in that the accessory K urloff bodies may be sta ined  with  
Sudan black B a f te r  formol-osmic acid f ix a t io n .  Other histochem ical 
reaction  y ie ld ed  negative t e s t s  for the s o -c a l le d  accessory K urloff  
bodies.
EEP. 2B -  P l a t e  5 EXP. 2B -  P l a t e  6
Lymphocytes ex h ib it in g  K urloff  bodies in th e ir  cytoplasm.
V ita l  film s and phase con trast  microscope. X 1275.
A b r ie f  glance a t the tab le  summarizing the chemical compos 
t io n  o f  the cytoplasm ic s tructures  d iscu ssed  in d ica tes  a rather  
c lo s e  c o r re la t io n  between the developing cytoplasmic granules,  
Auer bodies and the granular portion o f the granule-vacuole body. 
The vacuolar portion o f the granule*-vacuole body and the K urloff  
body appear to  have a chemical composition far  d i f f e r e n t  from the 
other cytoplasmic s tructures  as w e ll  as d i f f e r in g  markedly from 
each other.
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SUMMARY OF THE CHEMICAL COMPOSITION OF SEVERAL 
CYTOPLASMIC ORGANELLES AND/OR INCLUSIONS
Young Cytoplas­ Granule-Vacuole
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THE CYTOCHEMICAL DEMONSTRATION OF MASKED LIPIDS 
IN THE CELLS OF THE BLOOD AND BONE MARROW
The previous cytochemical s tu d ie s  have in d ica ted  the wide 
d is tr ib u t io n  and v a r ia t io n s  in the l i p i d  content o f  the granules  
and org a n e lle s  o f  the c e l l s  o f  the hem atopoietic system. During 
the course o f  these  s tu d ie s  i t  was p o ss ib le  to modify the routine  
cytochem ical technique fo r  l i p i d  to demonstrate the l ip o id  nature 
o f  c e r ta in  c e l lu la r  elements and co n s t i tu e n ts  o f  the c e l l  not 
demonstrable with the routine method. These elements have been 
considered  to contain  only minimal amounts o f  l i p i d  which was 
beyond the realm o f  s e n s i t i v i t y  o f  the usual cytochem ical methods. 
Notable in th is  group o f  s tru ctu res  i s  the c e l l  nucleus, the blood  
p l a t e l e t  and in  many in stan ces  the mitochondria. This m odification  
o f  a routine cytochemical method i s  designed to revea l what are 
commonly c a l le d  "masked" l ip id s  and involves  the common use o f  
Sudan black B, but on f ilm s p rev iou sly  treated  with various  
organic a c id s .
The procedure for the demonstration o f  masked l i p i d  has been 
adapted to blood f ilm s as fo llo w s:
1. Fix smears in formol vapor for 2 -5  minutes.
2. Immerse f ix e d  film s in a 25% aqueous so lu t io n  o f  a c e t ic
ac id  for  2 minutes. C i t r ic  ac id  (5%), o x a l ic  ac id  (10%) 
or formic ac id  (10*25%) may be used in p lace  o f  a c e t ic  
acid .
3 .  Wash thoroughly in tap water; wash in  d i s t i l l e d  water
and allow f ilm s  to dry.
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4. P lace dried film s in a saturated so lu t io n  of Sudan 
black B in  70% ethyl a lcohol for 30 minutes. The 
Sudan black so lu t ion  must be prepared a t  l e a s t  one 
week prior to  use.
5. Wash sta in ed  film s with e i th e r  50% or 70% eth y l  
alcohol u n t i l  excess Sudan black i s  removed. Wash 
immediately with water.
6. B lot f ilm s dry and mount with permount, g lycer in e  or 
glychrogel.  P a r a lle l  control preparations are processed  
in the same manner except that the treatment with acid  
i s  omitted.
F ix a t iv es  s u c c e ss fu l ly  adapted for b r ie f  f ix a t io n  o f  blood 
film s and the demonstration of masked l ip id s  are h ea tt formol vaporf 
osmic acid vapor, 10 per cent formalin, formol-Zenker, mercuric 
ch loride (1%), copper su lfa te  (0.5%), 1 per cent formalin in 95 
per cent e th y l  a lcoh o l,  methyl a lcohol and acetone. Bouin*s so lu ­
t io n ,  t r ic h lo r o a c e t ic  acid (20%), cobaltous n itr a te  (1%) and 
uranium n itra te  (1%) should not be used in th is  procedure, Formol 
vapor i s  considered the f ix a t iv e  o f choice because o f  the ease of  
f ix a t io n  and also, because i t  may be used as the f ix a t iv e  for a wide 
va r ie ty  o f  cytochemical procedures performed on blood f i lm s.
Lipids have been unmasked by four carboxylic acids (formic, 
a c e t i c ,  c i t r i c  and o x a lic  a c id s ) ,  but cannot be unmasked by mineral 
acids (IN hydrochloric, IN s u l fu r ic ,  IN n i t r i c ,  0 .5  per cent periodic  
and carbonic a c id s ) .  Hydrochloric acid prepared at pH 1 ,2 ,3 ,4 ,5  and 
6 f a i le d  to unmask any sudanophilic m aterial in blood c e l l s  and the
more a c id ic  s o lu t io n s ,  pH 1 and 2, prevented the l ip id  normally 
demonstrated in con tro l preparations from s ta in in g .  Weak bases 
(saturated  so lu t io n s  o f  calcium hydroxide and lith ium  carbonate 
and 10 per cent ammonium hydroxide) and strong base (IN sodium 
hydroxide) f a i l e d  to  unmask c e l lu la r  l i p i d .
Sudan black B prepared in 70 per cent e th y l  a lcoh o l,  40 
per cent e th y l  a lc o h o l ,  ethelene g ly c o l  and 50 per cent acetone 
may be used in the procedure described, although i t  must be noted 
that the s ta in in g  reaction  and co lor  of control preparations is  
d if fe r e n t  depending upon the so lv en t  used.
A comparison o f  blood f ilm s s ta in ed  with Sudan black B in  
70 per cent e th y l  a lcohol (control)  and film s treated  with a c e t ic  
acid  prior to s ta in in g  with Sudan black reveals  marked d if fe r e n c e s .  
The most s tr ik in g  d ifferen ces  are 1) in acid treated  preparations  
the nucle i o f  the leukocytes and nucleated erythrocytes are 
sudanophilic , s ta in in g  brown to yellow-brown, in contrast to th e ir  
sudanophobic nature in control Sudan preparations; 2) p la te le t s  
only s l i g h t l y  sudanophilic in contro l preparations are moderately 
sudanophilic (brown with blue-black granules) in acid treated  
f ilm s; 3) black sudanophilic granules o f  neutrophils  and mono­
cytes  in  contro l preparations are not ev ident in  acid  treated  f i lm s ,  
although many small sudanophilic granules are unmasked in lympho­
cytes  and monocytes; 4) blood plasma appears s l i g h t l y  sudanophilic  
in acid  treated  f i lm s ,  but i s  not ev ident in contro l preparations;
5) erythrocytes may be rendered sudanophobic fo llow ing  acid tr e a t ­
ment.
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Cohen (75) found th a t  c e l l  n u c le i  could be s ta in e d  with  
Sudan black to  which organic acids were added; he b e l ie v e s  th a t the 
organic ac id  dye so lu t io n s  are simply nuclear s t a i n s .  Leach (76) 
con sid ers  the brown dye formed by the add ition  o f  d ia c e t in  to  
Sudan black ('hnucisudan") to be a s ta in  for  mucin.
Table 1 i l l u s t r a t e s  the e f f e c t  o f  various p r o te o ly t ic  
enzymes and l i p i d  so lv e n ts  on the sudanophilic  and desoxyribonu-  
c le o p r o te in  components o f  the c e l l  nucleus as demonstrated by the  
a c e t i c  acid*-Sudan black technique and the n u clea l r e a c t io n ,  
r e s p e c t iv e ly .
The l i p i d  nature o f  the sudanophilic  m ateria l i s  suggested  
by the s o l u b i l i t y  o f  th is  component in  a lco h o l« eth er , hot pyridine  
and p a r t ia l  s o l u b i l i t y  in aceton e , as w e l l  as the i n s o l u b i l i t y  o f  
the desoxyribonucleoprotein  with th ese  s o lv e n t s .  The p o s s i b i l i t y  
o f  the l ip id  e x i s t in g  as a l ip o p r o te in  complex, perhaps a l i p o -  
n u cleop rote in  complex, i s  in d ica ted  by the s o lu b i l i t y  o f  the 
sudanophilic  component by various p r o te o ly t ic  enzymes inc lud ing  
desoxyribonuclease . I t  was im possib le  to  unmask the sudanophilic  
m ateria l o f  the c e l l  n u c le i  with the substances in d ica ted  in  
Table 1.
Further evidence supporting the view that l ip id s  are unmasked 
and demonstrated by the technique described  include the fo llow in g  
ob servation s:  1) Biochemical s tu d ie s  (77) on n u c le i  revea l that
they contain  con sid erab le  q u a n t i t ie s  o f  l i p i d ,  p r in c ip a l ly  phospho­
l ip id s  (sphingomyelins or saturated  l e c i t h in s  or cephalins) and 
c h o le s t e r o l .  The phospholipid con ten t o f  the n u cle i i s  suggested
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by th is  Sudan technique and the ex traction  experiments, 2) P la te ­
l e t s  contain a considerable amount o f  phospholipid (15% dry w eight),  
p r in c ip a lly  cephalin . Phospholipid and plasmologen may be demon­
stra ted  cytochem ically  in blood p la te le t s  as determined by Baker*s 
acid haematin t e s t  (78) and the plasmal reaction  (7 9 ) ,  r e sp e c t iv e ly .  
However, p la t e l e t s ,  sudanophobic a f te r  s ta in in g  with a lco h o lic  Sudan 
black, may be read ily  demonstrated in organic acid treated  f i lm s,
3) The phospholipid content o f  lymphocyte mitochondria may be 
demonstrated cytochem ically (7 9 ); however, although lymphocyte mito­
chondria s ta in  only very s l i g h t ly  with a lcoh o lic  Sudan black, f o l ­
lowing acid treatment th e ir  s ta in in g  reaction i s  markedly enhanced.
4) Plasma l ip id s  are unmasked by acid treatment, although a longer 
f ix a t io n  time ( i . e . ,  5 minutes) i s  necessary.
I t  i s  genera lly  considered that l ip id s  s ta in  blue or black 
/ with a 70 per cent a lco h o lic  so lu t io n  of Sudan black. Therefore, 
th is  technique may be c r i t i c i z e d  because a brown color  i s  obtained  
in  certa in  c e l lu la r  components (n uc le i and p la te le t s )  a f te r  acid  
treatment. This objection  i s  minimized by the observations discussed  
above, as w e ll  as several additional fa c ts :  1) Sudan black prepared
in 40 per cent e th y l alcohol y ie ld s  a brown so lu tion ; in 70 per cent  
alcohol the so lu t io n  i s  b lue-b lack . Although the d is tr ib u tio n  and 
amount o f  sudanophilic material present in c e l l s  is  id e n t ic a l  a fter  
s ta in in g  with these s o lu t io n s ,  the co lor  i s  d i f fe r e n t  (brown with a 
40 per cent dye so lu t io n  and black with a 70 per cent dye s o lu t io n ) .
A s im ilar  color d ifferen ce  is  obtained in the liposomes o f  the rat  
adrenal bland, as w e ll  as adipose t is s u e  (frozen s e c t io n s ) .
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EXP. 2 C Table 1 
EFFECT OF VARIOUS LIPID SOLVENTS AND PROTEOLYTIC ENZYMES
ON THE NUCLEAL AND MODIFIED SUDAN BLACK REACTIONS





Control M h / / / /
Alcohol«ether (2:1) ±±LLr r r r -
Acetone JJJJkVt  / Y
Desoxyribonuclease (0.1 mg %)
Trypsin (1%) /
Pepsin (1% in 0.1 N HC1) ** *
Sodium chloride (1 M) U u
D is t i l l e d  water / / / m
/  Indicates the r e la t iv e  in ten s ity  of the reaction following d igestion for 24 hours in the above 
substances as compared with undigested control ( /A ^ ) preparations.
« Indicates no reaction.
2) The sudanophilic rim o f  the blood eosinoph il granule i s  con­
sidered  to be l ip id  (7 8 ) ,  although i t  s ta in s  brown rather than 
black in control preparations sta ined  with 70 per cent a lco h o lic  
Sudan black.
The l ip id s  o f  the mitochondria and blood p la te le t s  may be 
unmasked more read ily  using more d i lu te  acid so lu t io n s  than can 
the l ip id  o f  the n u c le i .  The d ifferen ces  in the co lor  o f  the 
n u c le i ,  p la t e le t s  and mitochondria fo llow ing acid treatment and 
s ta in in g  with Sudan black i s  suggestive  o f  a d ifferen ce  in the type 
or form o f  phospholipid or lip op rote in  complex. The mechanism by 
which l ip id  i s  unmasked by weakly ion izab le  acids i s  not known. 
However, the acids may act as d isa sso c ia t in g  or s p l i t t i n g  the l ip o ­
protein  complexes and allowing the l ip id  to be a c c e s s ib le  to the 
dye.
The app lication  of th is  new technique as w e l l  as other cyto­
chemical procedures in the study of the c e l l s  o f  the blood and bone 
marrow in the normal and abnormal conditions are being conducted 
at the present time. Although quite  extensive  information has 
been derived from these in v e s t ig a t io n s ,  further c r i t i c a l  study i s  
necessary in order to corre la te  p r e c is e ly  these morphologic and 
cytochemical observations.
GENERAL SUMMARY
For many years s c i e n t i s t s  have been trying to so lv e  the 
mystery o f  the c e l l .  Although great s tr id e s  have been made in  the 
p a st ,  we are s t i l l  only in  an embryonic stage o f our knowledge and 
concepts concerning th is  h igh ly  organized and complex s tru c tu re .
The understanding o f  the mechanisms o f  c e l lu la r  growth, d i f f e r e n t ia ­
t io n ,  metabolism and function are o f immense importance to  the 
b i o l o g i s t ,  whether c l in ic ia n  or basic  s c i e n t i s t .  With the develop­
ment and a p p lica tio n  o f  new techniques our knowledge o f  the c e l l  
continues to expand. Cytochemistry has provided one o f  the most 
important adjuncts in th is  study, perm itting the d e tec t io n  and 
lo c a l iz a t io n  o f  chemical substances w ith in  the c e l l  and t is s u e s  
far beyond the realm o f  s e n s i t i v i t y  o f  present day biochem istry.  
Though s t i l l  in i t s  in fancy, l im ited  by a rather small number o f  
v a l id  procedures, cytochemistry has shed considerable l i g h t  upon 
the chemical composition and metabolism o f  the c e l l .
The s a l i e n t  fea tu res  which have h igh ligh ted  the present inves­
t ig a t io n  are as fo llo w s:
1. A co rre la ted  cytochemical and morphologic study o f  the 
s tru ctu re  and composition of the c e l l s  o f  the hemopoietic system, 
in both health  and d ise a se ,  and during the process o f  c e l lu la r  
d i f f e r e n t ia t io n ,  maturation and development.
2 . The a p p lica tio n  of a wide v a r ie ty  o f  cytochemical pro­
cedures in d ica tes  the complex chemical s tru ctu re  o f  the c e l l  and 
i t s  components. Each o f  the s tru ctu ra l u n its  o f  the c e l l ,  whether 
n ucleus, mitochondria or cytoplasmic granules, has been shown to be
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composed o f  a number o f  d i s t i n c t  chemical e n t i t i e s .  Each o f  these  
s tr u c tu r a l  u n its  e x h ib its  i t s  own c h a r a c te r is t ic  chemical composi­
t io n  and p rop erties  as i s  w e l l  i l l u s t r a t e d  from these cytochemical 
s tu d ie s  o f  the nucleus, cytoplasm ic granules and in c lu s io n s .
3. These s tu d ie s  e s ta b l i s h  confirmatory evidence in d ica t in g  
th a t chemical changes occur w ith in  the c e l l  p rior  to  d is c e r n ib le  
morphologic d i f f e r e n t ia t io n .  Such changes have been noted with the 
e lab oration  o f  pen tosen u cleop rote in , protein-bound su lfh yd ry l com­
pounds and an in crea se  in phosphatase a c t i v i t y  during the ear ly  
d i f f e r e n t ia t io n  o f  the c e l l s  o f  the hemopoietic system in both the 
normal and p atho log ic  co n d it io n ,
4. The c o -e x is te n c e  o f  pentosenucleoprote in , protein-bound  
su lfh yd ry l compounds and phosphatase w ith in  the c e l l ,  p a r t ic u la r ly  
during the periods o f  protein  s y n th e s is ,  growth and development, 
suggests  that these substances are o f  great importance in c e l lu la r  
metabolism. P entosen u cleo tid es  appear to  be formed from the 
"nucleolar a s so c ia te d  chromatin," accumulating in  the n u c leo lu s ,  
and then d i f fu s in g  from the nucleolus through the nuclear membrane 
in to  the surrounding cytoplasm. Here the pentosenucleoprotein  con­
tin u es  to  be syn th es ized  and is  converted in to  s tr u c tu r a l  p roteins  
near the region o f  the cytocentrum. The phosphatases and the pre­
sence o f  a c t iv e  t h io l  groups appear to  form an in te g r a l  part o f  
the m etabolic c y c le  during the sy n th e s is  o f  pentosenucleoprotein  
and s tru c tu ra l  p ro te in s  w ith in  the c e l l .
I5. These compleraental cytochemical and morphologic stud ies  
o f  the c e l l s  o f  the hemopoietic system reveal s tr ik in g  d ifferen ces  
between the normal and pathologic c e l l  forms which i s  o f  invaluable  
aid in  the recognition  and d iagnosis o f the diseased condition .
These stud ies  ind icate  further that certa in  chemical a lte r a t io n s  or 
deviations e x i s t  w ithin  the pathologic c e l l s  seen in  the various 
hematologic d ise a se s ,  Cytochemical and morphologic changes seen in  
the c e l l s  o f  Hodgkin*s d isease  tend to ind icate  that there i s  an 
in a b i l i t y  o f  the reticulum c e l l  to undergo normal m itos is  although 
there i s  a continual elaboration o f  protein and o f  p rote in , carbo- 
hydrate and l ip o id  complexes. I t  i s  suggested from these c y to -  
chemical and morphologic stud ies  that the leukemic condition r esu lts  
from an impairment in the formation of structura l protein  from 
pentosenucleoprotein within  the hemopoietic c e l l .  Such metabolic  
a lte r a t io n s  may a r ise  from a d ef ic ien cy  o f  s p e c i f ic  substances 
necessary to promote proper growth and development in  s p e c i f ic  c e l l  
s tr a in s .  The extent o f  th is  postu lated  metabolite d e f ic ie n c y  may 
be r e f le c te d  in the r e la t iv e  degree o f  c e l lu la r  maturation exhib ited  
by these c e l l s .  Sarcomatous transformations, however, appear to 
represent ir r e v e r s ib le  changes in the metabolic pattern of the c e l l  
rather than a rev e r s ib le  maturation arrest seen in the leukemic and 
c er ta in  anemic con d ition s . The p o s s ib i l i t y  of more s p e c i f i c  a lte r a ­
t ions in the metabolism o f  the c e l l  may be suggested from a compari** 
son o f  the normal, leukemic and sarcomatous lymphocytes. Both the 
leukemic and sarcomatous lymphocytes e x h ib it  an increase in the
mucopolysaccharide and glycogen content of th e ir  cytoplasm, thus
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p oss ib ly  in d ica tin g  impaired carbohydrate and protein metabolism.
6. Dramatic changes have been induced in the cytochemistry  
and morphology o f  the c e l l s  o f  the hemopoietic system follow ing  
a lte r a t io n s  in  the in terna l and external m ilieu . These changes 
and a lte r a t io n s  in c e l lu la r  metabolism have been demonstrated by 
in  v itr o  c u l t iv a t io n ,  as w ell  as jin vivo follow ing exposure to 
X—radiation  and various anti-leukem ic agents.
In v itr o  c u lt iv a t io n  produces an impairment in fa t  metabo- 
lism o f  the c e l l s  o f  the lymph node as shown by the elaboration  
o f  l ip o id  drop lets ,  phospholipid and plasmologen granules and a 
concomitant increase  in phosphatase a c t iv i t y .  In general, such 
changes were most apparent in  the c e l l s  grown from nodes having 
the h istop ath o log ic  diagnosis o f  Hodgkin*s d isea se , reticulum  
c e l l  sarcoma dnd lymphadenitis.
Profound a lte r a t io n s  occur in  the c e l l s  o f  the lymph node 
and spleen immediately follow ing exposure to X -radiation and 
preceding any d iscer n ib le  morphologic changes or signs o f  degenera­
t io n .  These cytochemical changes included a decrease in phospha­
tase  a c t iv i t y  and a decrease in protein-bound sulfhydryl groups 
and pentosenucleoprotein. I t  i s  apparent that such exten sive  
a lte r a t io n s  in the metabolism o f  the lymphocyte are le th a l  for the 
majority o f  these c e l l s ,  although some c e l l s  o f  the lymph node and 
spleen  are able to survive th is  tra n sien t  a lte r a t io n  in  c e l lu la r  
metabolism. I t  would appear, however, that the other antileukemic  
agents, such as n itrogen mustard, tr ie th y len e  melamine and aminop- 
ter in  have a d i f fe r e n t  mode o f  action upon the metabolism o f  the
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\hemopoietic c e l l s  s in c e  marked morphologic s igns o f  c e l lu la r  
degeneration and d is s o lu t io n  are apparent before changes in  the 
cytochem istry could be d etected  with the techniques employed.
7 . Throughout th is  in v e s t ig a t io n  the cytochemical 
changes observed in the c e l l s  o f  the hemopoietic system have 
proven to be q u a n tita t iv e  rather than q u a l i ta t iv e  in  nature. 
Cytochemistry has formed an in te g r a l  part o f  morphology; n e ith er  
can be adequately d iscu ssed  or in terpreted  without consideration  
o f  the other.
The management o f  n eo p la st ic  d isea se  s t i l l  remains in the 
"dark ages" today, based upon destroy ing  the d iseased  t is s u e  
rather than attempting to correct  the metabolic a l te r a t io n s  
e x is t in g  in  the d iseased  c e l l s .  I t  i s  th is  author's firm b e l i e f  
that cytochemistry w i l l  provide s u f f i c i e n t  knowledge o f  the 
v aria t ion s  and a l te r a t io n s  in c e l lu la r  metabolism allow ing for  
the development o f  s p e c i f i c  therapeutic  measures o f  res to r in g  
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